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FLOODWATER MOSQUITOES. 
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ROBERT F. HARWOOD? ann WILLIAM R. HORSFALL® 


ABSTRACT 


In Aedes aegypti (L.), on which this paper is largely 
based, the envelopes composing the egg shell have dif- 
ferent functions. The exochorion imbibes water from 
saturated atmospheres and releases it slowly while 
drying. An annular line of weakness, from which a cap 
later dehisces, is determined by a structural change in 
the chorion at or about the time when embryogenesis is 
completed. The chorion, by changes in stratification, 


Envelopes comprising the shell of an egg of 
floodwater mosquitoes (Aedes and Psorophora) 
must permit certain activities of the enclosed 
embryo while shielding it against an adverse 
environment. During the period of cellular 
differentiation the shell must be permeable to 
yater and possibly to solutes. Coincident with 
a degree of maturity of the embryo, the shell 
becomes impervious to water in liquid phase 
while permitting free passage of oxygen. Ulti- 
mately the shell must permit rupture at the time 
of hatching. The necessity, which often is pro- 
longed, for retaining water levels inside the eggs 
while permitting free exchange of certain gases 
imposes rigid specifications for the shell. Reasons 
for this necessity will be seen from a review of the 
general ecology of this group of mosquitoes. 

Floodwater mosquitoes are so called because 
they develop in transient waters, such as those in 
temporary pools and on floodplains when rivers 
and streams have left their normal channels. 
Eggs are deposited over areas subject to inun- 
dation after the water has receded. At the time 
of deposition the soil is moist but not submerged. 
In time the surface may dry, while humidity of 
the air around the eggs stays at or near saturation. 
Sites for generous deposition of eggs usually have 
an abundance of plant debris as a layer on the 
soil. Such a situation will permit soil to dry 
slowly beneath an atmosphere high in humidity. 
Eggs may be latent in this environment for 
possibly a year, and will hatch when flooded by 
water at proper temperature and with proper 
content of oxygen (Horsfall et al., 1957, 1958). 


tanning, and infiltration by water-repellent chemicals, 
combines with the endochorion to create a barrier to 
movement of water. Hatching is brought about when 
the embryo is activated to elevate its hatching spine 
against the fracture line while applying pressure toward 
the water, the larva rapidly expands and soon swims 
a ventral depression of the cap. Once exposed to 
sway. 


The ability of embryos to survive for months in 
seemingly dry situations can be explained in part 
by knowledge of the minute structure of the 
envelopes comprising the shell. This paper is 
based largely on experiments with eggs of Aedes 
aegypti (Linn.), which is a floodwater mosquito 
in the broad sense. However, this mosquito 
belongs to the subgenus S/egomyia, a group that 
oviposits in cavities such as are found in trees, 
and in domestic containers. The eggs react in a 
manner very like those of true floodwater species 
and are readily available in quantities. It must be 
remembered that observations reported herein 
may be applicable only to the species concerned 
or to other Stegomyia. 

The effect of atmospheric humidity on the loss 
of water from young eggs of Aedes aegypti was 
determined as is shown in table 1. Relative 
plumpness of eggs was used as the measure of 
dehydration. Eggs 4 days of age were exposed 
to various static percentages of humidity on glass 
plates over saturated solutions prepared in the 
manner of Solomon (1951). Treatments extended 
for 14 to 19 days at room temperature. In this 
series of observations extending over a_ short 

1Funds for support of this work were provided by a 
grant from the U. S. Public Health Service. Accepted 
for publication July 22, 1958. 

*Present address: Department of Entomology, State 
College of Washington, Pullman. A portion of a thesis 
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University of Illinois. 

3Department of Entomology, University of Illinois, 
Urbana. 
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Envelopes comprising the shell of an egg of 
floodwater mosquitoes (Aedes and Psorophora) 
must permit certain activities of the enclosed 
embryo while shielding it against an adverse 
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Floodwater mosquitoes are so called because 
they develop in transient waters, such as those in 
temporary pools and on floodplains when rivers 
and streams have left their normal channels. 
Eggs are deposited over areas subject to inun- 
dation after the water has receded. At the time 
of deposition the soil is moist but not submerged. 
In time the surface may dry, while humidity of 
the air around the eggs stays at or near saturation. 
Sites for generous deposition of eggs usually have 
an abundance of plant debris as a layer on the 
soil. Such a situation will permit soil to dry 
slowly beneath an atmosphere high in humidity. 
Eggs may be latent in this environment for 
possibly a year, and will hatch when flooded by 
water at proper temperature and with proper 
content of oxygen (Horsfall et al., 1957, 1958). 
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tanning, and infiltration by water-repellent chemicals, 
combines with the endochorion to create a barrier to 
movement of water. Hatching is brought about when 
the embryo is activated to elevate its hatching spine 
against the fracture line while applying pressure toward 
the water, the larva rapidly expands and soon swims 
a ventral depression of the cap. Once exposed to 
sway. 


The ability of embryos to survive for months in 
seemingly dry situations can be explained in part 
by knowledge of the minute structure of the 
envelopes comprising the shell. This paper is 
based largely on experiments with eggs of Aedes 
aegypti (Linn.), which is a floodwater mosquito 
in the broad sense. However, this mosquito 
belongs to the subgenus Stegomyia, a group that 
oviposits in cavities such as are found in trees, 
and in domestic containers. The eggs react in a 
manner very like those of true floodwater species 
and are readily available in quantities. It must be 
remembered that observations reported herein 
may be applicable only to the species concerned 
or to other Stegomyia. 

The effect of atmospheric humidity on the loss 
of water from young eggs of Aedes aegypti was 
determined as is shown in table 1. Relative 
plumpness of eggs was used as the measure of 
dehydration. Eggs 4 days of age were exposed 
to various static percentages of humidity on glass 
plates over saturated solutions prepared in the 
manner of Solomon (1951). Treatments extended 
for 14 to 19 days at room temperature. In this 
series of observations extending over a _ short 
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period, an atmosphere having 75 percent R. H. 
or higher was optimum. 

The effect of high humidity on hatchability of 
eggs has nothing to do with an intake of water 
through any one part of the chorion. Because 
the anterior or micropylar end of eggs has a 


Table 1.—Effect of atmospheric humidity on collapse of 
4-day-old eggs of A. aegypti after 14 to 19 days 
exposure in laboratory, 1953 


Relative humidity | Eggs exposed Eggs collapsed 


Percent Number > 
Percent 


Number 
OS 05 152 10 
74 4 73 5 
60 7 76 
43 51 S4 
7 wll 92 


y ,060 
,270 
‘ ,021 


) 
O8: 


different follicular origin (Harwood and Horsfall, 
1957) from the posterior end, a check was made on 
relative permeabilities. One group of eggs was 
coated on the anterior half with either vaseline 
or paraffin precipitated from solution in carbon 
tetrachloride, and the other group was similarly 
coated on the posterior half. A third group 
received no coating. All eggs were kept 47 hours 


SHORTLY AFTER 
OVIPOSITION 


CHORION 


Fic. 1. 


Annals of the Entomological Society of America 


Diagram of changes occurring to the egg coverings of floodwater mosquitoes after oviposition. 
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in an atmosphere with a static humidity of 98 
percent R. H. Counts of larvae after hatching 
indicated that there was no difference in rate of 
hatch by coating one end or the other with 
vaseline or paraffin. Unpublished observations 
on other species have shown that water does not 
pass through any part of the chorion. 

That the exochorion of Aedes aegypti can change 
its water relations in a saturated atmosphere can 
be easily demonstrated. Eggs possessing a com- 
plete exochorion were placed in one of two groups 
ona glass surface. One group was positioned with 
a minimum of water which was immediately 
blotted off, the other group was made to adhere 
with a minimum of water which was allowed to 
remain. Each group together with a few drops 
of water was then sealed with vaseline in small 
clear plastic chambers. When lighted by a 
sharply focused beam of light in identical manners, 
a halo of minute droplets of water condensed 
immediately on the glass surface surrounding 
wet-mounted eggs. The condensing droplets 
formed close and concentric rings upon the glass 
surface, outlining the region of each egg and 
extending to the margin where water originally 
was when the eggs were placed on the glass. As 
the water condensed on the glass the bosses and 


AT TIME OF HATCHING 


EXOCHORION 


Of 


particular significance are the change in orientation of the material composing the chorion, and the development 


of endochorion 





1959] Harwood and Horsfall: 
membranes of the exochorion took on a white and 
shiny appearance, indicating that water was being 
driven out of this structure. When the light was 
removed the droplets evaporated from the glass 
surface, and the process could be repeated seem- 
ingly endlessly. This demonstration was re- 
peated several times with different groups of eggs. 
Continued lighting caused these droplets to 
disappear from the immediate vicinity of the eggs. 
No halo of droplets was seen around eggs mounted 
dry 

This phenomenon of shift in moisture from 
surface of egg to surface of glass and vice versa 
probably results from differential heating. Light 
directed at the black eggs heated them faster 
than it heated the surroundings. Water in the 
exochorion was driven off and condensed on the 
nearby cooler surface. Initial confinement of 
condensation to the immediate vicinity of the 
egg, where water stood for some time, seems to 
indicate that a water-attracting substance nor- 
mally found on the egg surface has diffused to the 
surrounding glass substrate. When the light was 
turned off, the eggs cooled to the temperature of 
the surface, and the hydrophilic exochorion took 
up water again. When the light remained on 
long enough, both eggs and nearby surface of 
glass were heated enough to drive water from 
both surfaces. 

This ability of the exochorion to take up water 
from the surrounding air indicates that it may be 
significant in keeping a high humidity at the 
surface. This would retard water loss when the 
air was dry and would provide an avenue for 
return of moisture when dew and other surface 
moisture was present. 

Rapid and extensive changes in humidity per- 
mitted the embryo to crack its shell, as was shown 
by one experiment. A total of 284 eggs was 
placed on a dry surface in a sealed chamber in an 
incubator at 24° C. Atmospheric humidity of 
7 percent was maintained for 24 hours, then it was 
increased to 100 percent for another 24 hours. 
At the end of the treatment 206 eggs (72 percent) 
had shells cracked open in a manner characteristic 
of hatched eggs. Whether other changes occurred 
in chambers is not known. Such hatching has 
been reported by Horsfall et al. (1958) where 
oxygen alone was decreased in an atmosphere 
where the level of humidity was at saturation. 

Atmospheric humidity prior to submergence 
affects rate and speed of hatching (table 2). 
Eggs of Aedes aegypti stored at static humidities 
24 to 48 hours prior to submergence in deoxy- 
genated (freshly boiled) water, hatched in greater 
numbers and in a shorter period when previously 
held at higher humidities. Since oxygen in the 
humidity chambers should have been ample to 
prevent any embryonic deficit, presumably the 
observed effect is due to the modification of shell 
resistance to larval escape. 

Somewhere within the shell of eggs bearing 


Coverings of Eggs of Floodwater Mosquitoes 
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mature embryos is a substance, presumably in 
the form of a layer, hereafter called wax layer, 
that resists movement of water. Furthermore, 
this layer is thermolabile, with a critical tempera- 
ture at which it loses continuity. Eggs of Aedes 
aegypti would collapse consistently at a tempera- 
ture of 61° C. when subjected to slow heat while 
in hypertonic solutions of sodium chloride. The 
layer forms coincident with the completion of 
the endochorion. Prior to its formation, eggs 
are sensitive to loss of water. Gander (1951) 
found that during the first 15 hours after ovi- 
position eggs collapsed readily when dehydrated. 
Shortly afterward they became resistant. Under 
conditions of our experiments, 16 to 17 hours 
elapsed before eggs reached the resistant state. 
Coincidence between resistance to dehydration 
and completion of endochorion was determined by 
examination. Paired series of eggs were treated 
Table 2.—Effect of exposure to static relative humidity 
prior to submergence, upon speed and rate of hatching of 
embryonated eggs of A. aegypti, 1954 


Minutes between 
submergence and 
first hatching 


Percent eggs | 
hatched after 
submergence* 


Percent relative 
humidity (24-48 
hours exposure) 


Mean 


| Max. | Min. | 


98 70 3 | 4 6.5 
74 12.5 | 6.5] 8.9 
60 6.6 ; 3i 213 
43 0 

7 | 0 


*Based on 6 replications of 20 eggs each per humidity 
tested. 


for dehydration and observed for endochorion at 
hourly intervals after oviposition. The chorion 
was dissolved away by solutions of sodium hypo- 
chlorite. Sixteen to seventeen hours after deposi- 
tion a definite endochorion had formed. Possibly 
the impervious material penetrated the chorion 
itself. Evidence for this lies in the change in the 
surface of the chorion from a hydrophilic one to a 
hydrophobic one about the 17th hour of incubation. 

The structure and substance of the endochorion 
suggest its importance in water retention. It 
contains chitin in micellar arrangements (Harwood, 
1958), a matrix that is not resistant to digestion 
by hypochlorite, and possibly the wax layer. 
Such micellar structure is typical of insect cuticle, 
which also serves as a barrier to prevent water 
loss. A procuticle of similar function surrounds 
the embryo of grasshoppers (see Slifer, 1937), 
and though the endochorion of floodwater mos- 
quitoes is not as thick, it appears to be a similar 
structure. Since the endochorion does not de- 
velop until the embryo is partially formed, it is 
probably an extra-embryonic membrane such as 
the serosa. 

Other features of the chorion contribute to the 
barrier against movement of water in either 
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direction. Its thickness is 2.2u in fully developed 
ovarian eggs of Aedes aegypti and 6.4y in those of 
Psorophora ciliata (Fabr.), but only 1.3y in eggs 
of Culex pipiens fatigans Wied., which have little 
resistance to dehydration. A more extensive 
tanning of the chorion takes place in these 
resistant eggs than occurs in Culex. In trans- 
mitted light the shells of resistant species are 
black or nearly so, whereas the nonresistant eggs 
of Culex, Culiseta, and Mansonia appear light tan 
or light gray. The dorsal and ventral surfaces 
of the eggs of Aedes aegypti vary in pattern 
(Craig, 1956) and presumably to some extent in 
composition. 

The form and position of the micropylar plug 
appears to be associated with resistance to dehy- 
dration. If eggs of Culex pipiens fatigans are 
examined microscopically while out of water, the 
micropylar end appears as a prominent external 
roll. Shortly after removal from the water a 
bubble of air appears below the micropylar area. 
The micropylar plug of Anopheles eggs (Anopheles 
maculipennis Meigen) is beneath the chorion 
(Nicholson, 1921). In eggs of floodwater mos- 
quitoes the micropylar plug is embedded in the 
chorion and presents only a small exposed surface 
area (Harwood and Horsfall, 1957). 

The shell is differentiated early into a smaller 
part that will dehisce as a cap and a larger 
posterior capsule. Horsfall et al. (1957) described 
a technique for causing dehiscence by the appli- 
cation of asymmetrical pressure at or about the 
normal ring of fracture. Any time after complete 
embryogenesis the cap could be made to dehisce. 
No such cap could be removed from the caudal 
end of the egg. The circular line of dehiscence 
is along a definite line of weakness in the 
chorion, in the manner of the shell of some nuts. 
Apparently this fracture line results from deiayed 
orientation of the minute structure of the chorion 
that appears about the time of completion of 
embryogenesis (Harwood, 1958). Clearing with 
hypochlorite reveals that the line of dehiscence 
may form before the hatching spine is well formed. 
Therefore, it is not made by mechanical scoring 
of the hatching spine as has been suggested by 
authors. 

The fracture line circumscribes the egg very 
close to the position of the dorsal hatching spine 
on the head of the embryo. The spine is de- 
pressed and not in contact with the shell in latent 
embryos. When latency is broken (hatching is 
stimulated) pressures within the larva or a change 
in position result in a simultaneous pressure of the 
spine against the shell and a ventrally directed 
bending of the embryo. The shell snaps and 
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water is free to bathe the exposed larva. Very 
quickly the larva expands and wriggles free of the 
shell. 

Significant changes in the minute structure of 
the shell of species of Psorophora and Aedes are 
shown in diagram (fig. 1) based on information 
reported by Harwood and Horsfall (1957) and 
Harwood (1958). At the time of deposition, the 
chorion is horizontally stratified. Within a 
matter of hours, micellar orientation at angles 
varying from the orientation of these strata takes 
place. 


ADDENDUM 


Since preparation of this manuscript, an article 
has been published by Beckel (1958) on the egg 
of Aedes hexodontus Dyar. Further evidence is 
presented that the structure here referred to as 
endochorion, is probably formed by serosal cells. 
Staining experiments also suggest a structural 
difference at the margin of dehiscence. 
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CHARACTERISTICS OF APHID-POPULATION GROWTH ON POTATOES IN 
NORTHEASTERN MAINE! 


W. A. SHANDS? anp G. W. SIMPSON® 


ABSTRACT 


The average overall population trend of four species 
is represented by a sigmoid curve whose peak is reached 
in this region about August 20. During 15 years the 
average number of apterous individuals of these four 
species, counted by the 3-leaf method, has ranged at 
the peak from 61 to 2,700 per plant. The population is 
seldom, if ever, limited by factors dependent on density. 
Rapidity of decline after the peak varies greatly from 
year to year. Phenomena recognized as population 
growth characteristics are represented by points or 
measurable intervals between points on the upward 
swing of the curve. All these characteristics appear to 


The successful production of both seed and 
table-stock potatoes in northeastern Maine de- 
pends in large measure upon the control of the 
four species of aphids that may infest the growing 
plants. These species are: the buckthorn aphid, 
Aphis abbreviata Patch; the green peach aphid, 
Myzus persicae (Sulz.); the potato aphid, Macro- 
siphum solanifolii (Ashm.); and the foxglove 
aphid, Myzus solani (KItb.). 

Although insecticides have been developed 
that will control the aphids, their effectiveness 
depends largely upon timeliness of application. 
In 1941 studies of the seasonal history and 
abundance of these species were undertaken as 
an aid in obtaining better control with insec- 
ticides. These studies disclosed certain charac- 
teristics of aphid-population growth on potato 
plants in the field that have been fairly constant 
from year to year. This knowledge has been 
used to develop a more effective control program 
at less cost to the grower. This paper sum- 
marizes the most important aspects of this 
investigation, including a description of the 
seasonal trend of aphid populations, the phenom- 
ena representing characteristics of population 
growth, the basis for considering them in this 
light, and, finally, the application of some of 
these findings in the development of a more 
effective control program. 


EXPERIMENTAL PROCEDURE 


The cultural practices used in growing the 
potato plants for this study were those employed 
locally by commercial potato growers, except that 
no aphidicide was applied to the plants, and 
seldom any insecticide. Yellow cuprous oxide 
in a dust or spray was applied weekly at customary 
dosages for control of the late blight organism 
Phytophthora infestans (Mont.) DeBary. Only 
natural infestations of the aphids were studied. 

The potato plants were grown either in repli- 
cated small plots or in small fields. There were 


depend basically upon the tendency of the apterae to 
move laterally to unpopulated plants early in the summer, 
and vertically to the less densely populated parts of 
the plants later. Population growth early in the season 
is expressed more meaningfully by the percent of plants 
infested than by the number of aphids per plant, but 
better by the latter method once all the plants become 
infested. Although there are limitations to its use, 
knowledge of these growth characteristics has been 
beneficial in obtaining adequate aphid control from 
fewer applications of insecticides and at reduced cost. 


usually 5 or 6 plot replications, occurring as one 
unit, end to end, or as integral parts of the field- 
plot designs used in insecticide experiments. 
The fields or plots were generally separated on 
all sides by narrow strips of oats, which served 
to inhibit the interfield or interplot movement 
of wingless aphids (Shands et al., 1950). The 
sampled part of a field in most instances was 
limited to a square area of approximately 1 
acre. Plots were usually 4 to 8 rows wide and 
50 to 60 feet long, with the plants 12 inches apart 
in 34-inch rows. All the more common locally 
grown varieties of potatoes were included at one 
time or another—Katahdin, Green Mountain, 
Irish Cobbler, Kennebec, Chippewa, Sebago, and 
Cherokee. 

Counts were made of the aphids on a specified 
number of sample plants in each plot or field at 
intervals of 1 week throughout the season, follow- 
ing a standardized procedure (Shands and Simp- 
son, 1953). Briefly, it consisted in recording by 
species for each sample plant and leaf position 
the numbers of wingless and winged aphids 
found by examining whole plants early in the 
season, but throughout most of the summer only 
three leaves per plant in randomly located posi- 
tions within the top, middle, and bottom thirds 
of each sample plant. There were ordinarily 25 
sample plants per plot, or 100 per field. Sample 
plants were located by a screen-grid method, and 
confined to an inner, sample portion of the plot 
or field. 


APHID-POPULATION TREND 


The average overall aphid-population trend of 
all four species occurring in this study is repre- 
sented by a rather typical sigmoid curve (fig. 1), 
the peak of which has shown much variation from 
vear to year as to height, but relatively little as 
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to time of occurrence. While the rate of popula- 
tion growth may at first appear to be only addi- 
tive or multiplicative, if one considers the rapidly 
increasing leaf area in stands of potatoes (Taylor, 
1952), the rate actually approaches a geometric 
progression, as contended by Cole (1954). This 
is especially true early in the season. Natural 
factors tend to retard the rate as the peak is 
approached. Because of this complex situation, 
the rate of increase per adult aphid is actually 
greater early in the season than during the period 
that appears to have the most rapid buildup. 
Our observations indicate that, by the three-leaf 
method, early in the season the percent of plants 
infested much more accurately depicts the rate 
of aphid increase than does the average number 
of aphids per plant. 

The time of the peak has been about August 
20, but has varied from August 12 to 29 during 
the period 1941 to 1956, inclusive. The precise 
date has been influenced by several factors, 
among which the natural agencies of aphid con- 
trol have ranked high. Fungus diseases, preda- 
tors, and parasites have been very potent deter- 
rents to continuing population increase (Shands 
et al., 1955), especially during the period when 
aphid populations were increasing rapidly (in- 
terval CD, fig. 1). The most influential factor 
tending to stabilize the time when the peak is 
reached is the production and egress of the fall 
migrants. 

The average number of apterous aphids per 
plant at the peak varied from 2,700 in 1946 to 
61 in 1954, when determined by the three-leaf 
method. Numbers at the peak have been in- 
fluenced by such factors as the time and size of 
the spring migration from primary hosts to 
potatoes, the species composition of the initial 
infestation, and the early-season action of natural 
control agencies. Weather, especially rainfall, 
may affect population increase both indirectly 
through its effect upon plant growth and directly 
in ways indicated by Heinze and Profft (1938), 
Norris and Bald (1943), Nowak (1952), Shands 
et al. (1955, 1956), and by others. 

The overall size of the aphid population at the 
peak seldom, if ever, has been limited by density- 
dependent factors. Rather, the initial numbers 
of aphids usually have been so small, and the 
favorable season for reproducing on potatoes so 
short, that severe crowding could hardly have 
resulted even if their full biotic potential had 
been realized. Thus it appears that the popula- 
tion trend on potatoes has depended much more 
upon the innate ability of the aphids to reproduce 
and move to less crowded environments than 
upon the death rate or other factors usually 
considered in the ‘‘laws” of population growth. 

After the peak, in some seasons aphid numbers 
have dropped sharply and remained low, but in 
other years they have gradually diminished, not 
reaching a low level until mid-September or 
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later. The rate of drop depends largely upon 
the importance of fungus diseases and other 
natural control agencies, the maturation rate of 
the fall migrants, and the time of the first killing 
frost. Because of this variation in the popula- 
tion trend following the peak, no attempt has 
been made to indicate its course in figure 1. 


Av, NO, APTEROUS APHIDS ON 9 LEAVES PER PLANT 
TOP - MiDDLE - BOTTOM) 


vy 


ee 


Fic. 1. The average overall aphid population 
trend on potatoes in northeastern Maine. 


PHENOMENA REPRESENTING POPULATION-GROWTH 
CHARACTERISTICS 


The more important characteristics of aphid- 
population growth'in our studies are indicated in 
figure 1. They are represented by points B and 
C, and by intervals AB, BC, and CD, where 


A =the beginning of potato-plant emergence, 

B=the time when, by the three-leaf method of 
count, approximately 39% of the plants 
become infested, 

C =the time when, by the same method, nearly 
all the plants become infested, and 

D=the seasonal peak of aphid numbers. 


The importance of point A lies in the fact that 
in northeastern Maine potato plants may be 
infested as soon as they begin to break ground, 
since by that time the migrant aphids have 
already been on the wing for several days. 
Initiation of the aphid infestation on potatoes 
each year is by spring migrants coming from pri- 
mary hosts. Ordinarily the spring migration 
occurs at about the same time for all four species, 
with a range of 10 days in beginning times in any 
one year. The chances of potato plants becom- 
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ing infested early in the season and the size and 
composition of the initial infestation are influenced 
greatly by the time of plant emergence with 
respect to that of the spring migrations. Thus 
the time of plant emergence is an important 
factor in determining the size of the aphid 
population at the peak. 

Point B in figure 1 represents the stage of 
population growth when careful examination of 
all the foliage reveals that each plant for the 
first time harbors at least one aphid. There has 
been considerable variation from year to year as 
to when this point has been reached. Further- 
more, the figure of 39 percent is only approximate 
in representing the phenomenon. This percent- 
age (by the three-leaf method) has varied from 
about 25, when the more motile potato and fox- 
glove aphids were abundant, to as high as 60, 
when the population consisted preponderantly of 
the more sedentary buckthorn aphid. 

The average date for point B was July 20, 
although it varied from late June in 1942, when 
the growing season came very early and the 
potato aphid was overly abundant, to August 
3 in 1956, when the season was late, the summer 
very cool, and the initial population of spring 
migrants unusually small. The number of aphids 
per plant at point B averaged 2.5, with a range 
from slightly more than 1 when the potato and 
foxglove aphids were relatively more abundant 
than usual to nearly 6 when the buckthorn aphid 
was by far the most abundant species. 

Point C, representing the time when an aphid 
is found on at least one leaf of each 3-leaf sample 
on nearly all sample plants, also is rather variable 
from year to year. The number of aphids at this 
time has also varied considerably. While August 
5 to 8 was the average date, the extremes have 
ranged from July 20 in 1942 to September or 
later in 1956. In fact, aphids were never found 
on all sample plants in some fields in 1956. The 
number of aphids per plant at this point C 
averaged about 75, although it ranged from 13, 
when the more active species were more abundant 
than usual, to over 200, when the buckthorn 
aphid was exceptionally abundant. 

The duration of the intervals 4B, BC, and CD 
likewise varied considerably, both within and 
between years. Interval AB usually extended 
over 40 to 45 days, and BC and CD were each 
about 15 days. The intervals are of different 
duration because of basic differences in the 
biological phenomena represented. AB varies 
more from year to year than the other two, both 
actually and relatively, because the effects of cer- 
tain environmental factors are more lasting when 
operative early in the season than later. There 
may also be large yearly variations in the time 
when the spring migration starts, the time when 
potato plants begin to emerge, and the size and 
composition of the initial aphid infestation on 
the young plants. Because of their more over- 
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whelming effects upon the overall process of 
population increase, the influences of these early- 
season variations are reflected longer than those 
of variations in other factors operating later in 
the season. Furthermore, the interval CD tends 
to be stable because of the seasonal stability in 
the time when the fall migrant forms mature 
and begin to leave the potato plants. 


BASIS FOR CONSIDERING THESE PHENOMENA AS 
POPULATION-GROWTH CHARACTERISTICS 

The inherent tendency of the potato-infesting 
aphids to move to less densely populated plants, 
or parts of plants, appears to be the reason why 
these phenomena can be considered growth 
characteristics of the population. Davies (1932) 
found that the potato and the green peach aphids 
moved a great deal both on and between the 
potato plants. For example, 84 percent of the 
potato aphids and 75 percent of the green peach 
aphids daily changed feeding sites, and 52 percent 
of both species changed leaves. Within 24 hours 
he found green peach aphids moving to potato 
plants as far as 21 feet from the point of release. 
Our observations agree generally with his in that, 
except possibly for the buckthorn aphid, there is 
a marked tendency for the aphids to move to 
uninfested or less densely infested leaves or plants. 
With due allowance for their characteristic feeding 
locations on the plants, as pointed out by Taylor 
(1955) and others, the aphids tend to equalize 
their population spatially in a stand of plants. 

A consideration of the movement of apterous 
aphids aids in a better understanding of popula- 
tion growth in a field of potatoes (1) because of 
the low initial population of the spring migrants 
and the limited time they have to fly over the 
field and distribute the nymphs they can deposit 
before the rapid onset of wing-muscle autolysis 
(B. Johnson 1953; C. G. Johnson 1954), and (2) 
because all individuals of the following several 
generations are apterous. Until a plant harbors 
at least one aphid (point B), the important 
movements are the lateral ones. During period 
AB very little apparent increase in aphid numbers 
is shown by the three-leaf method of count. 
Instead, the rate of population growth can be 
expressed more accurately by the increase in 
percent of plants infested. When every plant 
harbors at least one aphid, lateral movements 
cease to be of importance because the movements 
to and from individual plants tend to balance. 
At this time the field counts begin to show a 
slight increase. 

Vertical movements of the aphids on the plants 
next become of great importance. Because aphid 
numbers are still very small at the beginning of 
the period BC, and because most of the leaves 
then are still uninfested, the vertical movements 
expand the feeding area required for the rapid, 
large, and extensive buildup that will occur later. 
During BC the population still appears to increase 
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rather slowly, but it gains rapidly in momentum. 
When most of the leaves become infested (point 
C), the vertical or interleaf movement is equalized. 
At this point of total plant utilization the rate of 
aphid buildup approaches the ‘explosive’ stage. 
At about this time maturation and egress of the 
fall migrants begin, tending to retard the rate of 
population increase as the peak is approached. 
During interval BC natural agencies of aphid 
control, particularly fungus diseases, also may 
markedly retard the rate of increase. 

The underlying principles accounting for these 
phenomena appear to be as stable from year to 
year as the overall population trend. Our 
experiments have demonstrated that the usual 
population peak occurs at point D in northeastern 
Maine only after having followed the described 
course. Furthermore, if some disturbance causes 
reversion to an earlier stage of the population 
growth, the population must pass again through 
all the intervening stages before reaching the 
same advanced stage a second time. If there is 
no further external influence, the time to reach 
this stage again should not differ markedly from 
that initially required to reach it, with due 
allowance for differences in temperature. The 
movement of alate summer dispersal forms from 
secondary hosts, from either within or outside 
the field, tends to shorten this time; however, 
many experiments conducted at Presque Isle 
during recent years have shown such sources to 
be of only minor importance from this standpoint 
(Simpson and Shands, 1954; also unpublished 
work). 

Finally, the phenomena described as charac- 
teristic of aphid-population growth may not be 
applicable to any other environmental complex. 
Many differences between years have been 
mentioned as occurring even in this one geo- 
graphic area. Doubtless other, and even larger, 
differences occur in other places, or in areas 
where the species complex differs from that found 
in Maine. On the other hand, the underlying 
principles of aphid-population growth on other 
secondary hosts may be essentially the same, 
irrespective of the host or the place. For ex- 
ample, Ullyett (1953) showed by graph the 
population trend of the green peach aphid on 
cabbage seedlings in the laboratory. His find- 
irgs agree closely with ours, except that he 
found a second, higher peak 25 percent above 
the first one. He did not show as a part of the 
growth curve the phase corresponding to our 
interval AB, because he began his study at our 
point B. 


SOME ECONOMIC APPLICATIONS 
Knowledge of the general stability of the 
phenomena described is of interest because of 
the possibility of its utilization in increasing the 
effectiveness and, at the same time, reducing the 
cost of an aphid-control program on potatoes. 
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For example, some saving may be made towards 
the end of the season by knowing the degree of 
aphid control achieved in the most recent appli- 
cation of insecticides and the approximate time 
required for the remaining aphids to multiply 
again to the point of economic importance. 
Further application may not be necessary if 
there is natural retardation in rate of aphid in- 
crease because of the production of the fall 
migrant forms. 

We have found this information valuable in 
determining the most effective time of applica- 
tions, especially when prevention of aphid feeding 
damage is concerned, and valuable also in reduc- 
ing spread of the persistent leafroll virus. Without 
reducing overall effectiveness we were able to 
reduce by 50 percent the number and cost of 
DDT applications to potatoes merely by con- 
fining the weekly applications to the interval 
AB instead of continuing them throughout the 
season as formerly (Simpson and Shands, 1954). 
More recent studies (unpublished) show that the 
same effectiveness can be achieved with even 
fewer applications when they are more carefully 
timed during the interval AC (fig. 1). 

There are decided limits to the theoretical 
application or economic utilization of this infor- 
mation. For reasons already indicated, as well as 
others, it is of doubtful value for predicting aphid 
abundance at the peak in Maine. Furthermore, 
Muller (1954) pointed out limitations in using 
successfully an estimation of the effects of aphid 
infestation level at a given time upon virus 
spread. Solomon (1957) has concluded that 
estimation of the capacity of an insect population 
to increase by following the early stages of its 
growth is less accurate than by considering the 
more theoretical aspects of population increase. 
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GEOGRAPHIC DISTRIBUTION OF THE PHLEBOTOMUS SANDFLIES 
OF CENTRAL AMERICA (DIPTERA: PSYCHODIDAE)' 


G. B. FAIRCHILD anp MARSHALL HERTIG 


Gorgas Memorial Laboratory, Panama, R. de P. 


ABSTRACT 


Fifty-four named species are listed from the area 
between Panama and the United States, and the species 
are further listed by political divisions. 


The Phlebotomus sandfly fauna of Central 
America has until recently been very little known. 
Barretto (1951) was able to list only nine species 
as occurring north of Panama. A few years 
later, Vargas and Diaz Najera (1953) summarized 
the records from Mexico, giving a list of 29 
species as occurring in that country. A year 
later Rosabal (1954) published an account of the 
Costa Rican species, listing 12 named species and 
18 others probably undescribed. Aside from 
mention of an unnamed species taken at Prieta, 
Honduras, by Bequaert (1924), there seem to 
have been no Phlebotomus recorded from Nica- 
ragua, Honduras, El Salvador, or British Hon- 
duras until very recently. 

Beginning in 1951, staff members of the 
Gorgas Memorial Laboratory were enabled to 
make collections of biting arthropods in a number 
of localities in Central America during their 
studies of sylvan yellow fever. Especially sig- 
nificant collections were made in the Mexican 
State of Chiapas (Fairchild 1953a), in the vicinity 
of Tela, Honduras, and at Villa Somoza, Nica- 
ragua (Galindo and Trapido 1957). Smaller 
collections were also made during shorter visits 
to additional localities in Nicaragua, El Salvador, 
and Mexico. Collections were made in Costa 
Rica by Hertig, Trapido, and Galindo and we 
were privileged to examine much of the material 
collected by Rosabal. From these collections 
and some small lots sent us for identification, we 
are able to record the presence of 46 described 
species from the area between Panama and the 
United States. In addition, there are about a 


dozen apparently undescribed species, mostly 
represented by very few or single specimens. 
The Mexican list of Vargas and Diaz Najera 
contains 8 additional species not taken by us, 
giving a total of 54 named species for Central 
America. 

A check-list of the species is given below, to- 
gether with the geographic distribution by 
countries in Central America and the range out- 
side of this area in parentheses. In the section 
following this list, the species are listed by 
countries and localities, with references to pre- 
viously published occurrences. 


aclydiferus F. & H. Costa Rica, Nicaragua, Honduras, 
Mexico, (Panama). 

anduzet Rozeb. Costa Rica, (Panama, Venezuela, French 
Guiana). 

anthophorus Addis, Mexico, (U.S. A.). 

apicalis F. & A. Honduras, Mexico, 
Guiana). 

arborealis F. & A. Honduras, (Panama, French Guiana) 

barrettoi Man. Nicaragua, (Panama, French Guiana, 
Brasil). 

beltrani V. & D. N. Mexico, Honduras. 

bispinosus F. & H. Nicaragua, Honduras, (Panama). 

camposi Rodr. Costa Rica, (Panama, Ecuador). 

carpenteri F. & H. Costa Rica, (Panama). 

cayennensis F. & A. Costa Rica, El Salvador, Mexico, 
(Panama to French Guiana). 

cayennensis maciast F. & H. Mexico, Guatemala. 


(Panama, French 
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research grant from the National Institute of Allergy 
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cost of publication of this paper was met by Gorgas 
Memorial Institute of Tropical and Preventive Medicine 
Inc. Accepted for publication December 8, 1958. 
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chiapanensis Dampf. Costa Rica, El Salvador, Mexico, 
(Panama). 

cruciatus Coq. Costa Rica, Nicaragua, Honduras, Guate- 
mala, Mexico, (Panama). 

ctenidophorus F. & H. Mexico. 

cunhai Mang. Honduras, (Brasil). 

deleoni F. & H. Honduras, Guatemala, Mexico. 

del pozoi V. & D. N. Mexico. 

diabolicus Hall. British Honduras, 

dodgei V. & D. N. Mexico. 

durani V. & D. N. Mexico. 

dysponetus F. & H. Costa Rica, (Panama, Ecuador). 

evansi N. T. El Salvador, Nicaragua, (Venezuela). 

galindoi F. & H. Costa Rica, Honduras, Mexico, (Panama, 
Ecuador). 

gomezi Nitz. Costa Rica, Nicaragua, (Panama to Brasil). 

hardisoni V. & D. N. Mexico. 

intermedius L. & N. Mexico, (Venezuela to Paraguay). 
Reported by Vargas and Diaz Najera (1935). We 
suspect an error of identification. 

longipalpis L. & N. Costa Rica, El Salvador, Mexico, 
(Panama to Paraguay); almazani Gall. is a synonym 
(Fairchild and Hertig 1958). 

oppidanus Dampf. Mexico. 

ovallesi Ortiz, Nicaragua, Honduras, Mexico, (Panama, 
Venezuela). 

panamensis Shann. Costa Rica, Nicaragua, 
British Honduras, (Panama to Venezuela). 

paraensis C. L., Honduras, (Panama, Brasil). 

permirus F. & H. Mexico. 

pilosus D. & C. Costa Rica, (Panama, Brasil). 

rosabali F. & H. Costa Rica, (Panama). 

runoides F. & H. Costa Rica, (Panama). 

sanguinarius F. & H. Costa Rica, Honduras, (Panama). 

saulensis F. & A. Costa Rica, (Panama, French Guiana). 
Pinealis F. & A., is a synonym (Fairchild and Hertig 
1958). 

shannoni Dyar, Costa Rica, Nicaragua, 
Mexico, (U.S. A. to Paraguay). 

steatopygus F. & H. Mexico. 

stewartt Mang. and Galindo. Mexico, (U.S. A.). 

texanus Dampf. Mexico, (U.S. A.). 

trapida F. & H. Costa Rica, 
Ecuador). 

trinidadensis Newst. Costa Rica, 
Mexico, (Panama to Brasil). 

undulatus F. & H. Honduras, 
(Panama). 

vesiciferus F. & H. Costa Rica, Nicaragua, (Panama) 

vespertilionis F. & H. Costa Rica, (Panama). 

vexator Coq. Mexico, (U.S. A.). 

vindicator Dampf. Mexico. 

viriosus F. & H. Costa Rica, (Panama). 

wirthi V. & D. N. Mexico. 

ylephiletor F. & H. Costa Rica, Nicaragua, Honduras, 
Mexico, (Panama). 

Hertigia hertigi Fairch. Costa Rica, (Panama). 

Warileya rotundipennis F. & H. Costa Rica, (Panama). 


Mexico, (U.S. A.). 


Mexico, 


Honduras, 


Honduras, (Panama, 


Nicaragua, Honduras, 


Guatemala, Mexico, 


COSTA RICA 


Rosabal (1954) has discussed the ecology of 
many of the Costa Rican species, their distribu- 
tion within the country and their relationships 
to areas of high leishmaniasis endemicity. Along 
with collections made by Gorgas Memorial 
Laboratory personnel in Costa Rica, we had the 
privilege of examining many of the specimens 
collected by Rosabal. Most of the species 
reported by him as unidentified have now been 
either described or identified by us, so that we 
can list 26 named species. There remain at least 
two as yet unnamed species of which we have 
Costa Rican material. 
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aclydiferus. Guapiles; Turrialba; Jimenez de Gua- 
piles; Suerre de Guapiles; Pacuare, Moravia. All 
localities on the Atlantic slope. Taken by both Rosabal 
and ourselves. A paratype is from Guapiles. The 
species is listed by Rosabal (1954) as No. 1. 

anduzei. Valle Hermoso, San Carlos. A_ single 
female taken 9 Jan. 1952 in a’ tree buttress by Rosabal 
and reported by him as No. 17. 

camposi. Guapiles; Suerre de Guapiles; Jimenez de 
Guapiles; Wauchope; Turrialba. All on Atlantic slope. 
Taken by Rosabal and ourselves. This is species No. 4 
of Rosabal’s list. 

carpenteri. Suerre de Guapiles, 22 July 1951, in 
armadillo burrow, Rosabal coll. This appears to be 
species No. 2 of Rosabal’s list. 

cayennensis. Boca de Barranca and Finca Socorrito, 
Puntarenas (Rosabal). 

chiapanensis. Barranca, H. W. Kumm coll. (Rosabal). 

cruciatus. Anita Grande, Roxana; Turrialba; Lagar- 
tos; (Rosabal; Fairchild and Hertig 1953b). 

dysponetus. Suerre de Guapiles; Pacuare; Turrialba. 
A paratype from Suerre. This is species No. 3 of Rosa- 
bal’s list. 

evansit. Lagartos, Guanacaste, 13 Dec. 1951, Rosabal 
coll. Probably species No. 8 of Rosabal. 

galindoi. San Juan Miramar (Rosabal); Finca la 
Josefina, San Carlos, 23 June 1955, Rosabal coll. 

gomezi. Turrialba; Pacuare; Sta. Cruz, Guanacaste; 
Valle Hermoso, San Carlos (Rosabal). Rio Seco; 
Puerto Jiménez (Fairchild and Hertig 1948b, 1953b). 

longipalpis. Barranca, Kumm coll. (Rosabal). 

panamensis. Suerre de Guapiles; Jiménez de Guapiles; 
Turrialba; Valle Hermoso, San Carlos (Rosabal); 
Wauchope, Limon Prov., Galindo and Trapido colls. 

pilosus. Wauchope, Limon Prov., Galindo 
Trapido colls. 

rosabali. Finca Socorrito, Barranca, paratypes. 
is species No. 9 of Rosabal. 

runoides. Suerre de Guapiles, Rosabal coll. 

sanguinarius. Turrialba, paratypes. Fairchild 
Hertig 1956, San Miguel, G. M. L. Coll. 

saulensis. Suerre de Guapiles (Rosabal as pinealis; 
Fairchild and Hertig 1958b). 

shannoni. Rosabal reports the species from 17 
localities on both coasts and up to 1100 metres altitude, 
and we have specimens from a few additional localities. 

trapidoi. Vicinity of Turrialba (Fairchild and Hertig 
1953a). Rosabal lists the species, as his No. 7, from 
nine localities. 

trinidadensis. 

vesiciferus. 


and 


This 


and 


Rosabal lists from five localities. 
Listed from four localities by Rosabal. 

vespertilionis. Taken by Rosabal at six localities. 
We have it also from San Miguel. Rosabal’s males, 
reported as No. 12, are true vespertilionis (Fairchild and 
Hertig 1958a). 

viriosus. La Roca de Guapiles; Pacuare; paratypes 
(Fairchild and Hertig 1958a). This is probably species 
No. 13 of Rosabal. 

ylephiletor. Listed, as species No. 14, from nine 
localities by Rosabal. We have it also from Palmar 
and Esquinas, Puntarenas Prov., paratypes (Fairchild 
and Hertig 1953a). 

Hertigia hertigt. 

Warileya rotundipennis. 
and Rosabal colls. 


Pacuare; La Roca (Fairchild 1953b). 
Pacuare, 6 Feb. 1952, Hertig 


NICARAGUA 

The bulk of our material was collected near 
Villa Somoza, Prov. Chontales, in the south 
central part of the country, where a light trap 
and human bait were used, as well as the searching 
of daytime resting places. Three additional un- 
named species have also been taken, for a total 
of fifteen species. All listed species are new 
records except vesiciferus. 
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Villa Somoza, 11 June, 14 July 1953. 
Guapinolar, Carrazo, 21 Oct. 1953. 

bispinosus. Villa Somoza, 11, 15 June 1953. 

cruciatus. Upper valley of Rio Pantasma 21 May 
1953; Villa Somoza, 27 May, 22 Sept., 14 July 1953; 
Casa Colorada, Dec. 1953; Guapinolar, 21, 27, 29 Oct. 
1953. 

evans, 

gomezi. 


aclydiferus. 
barrettoi. 


Guapinolar, 21-29 Oct. 1953, 3o7 49. 
Villa Somoza, 14 July 1953. 
ovallesi. Upper valley of Rio Pantasma, 21 May 1953. 
panamensis. Villa Somoza, 1-15 June 1953. 
shannont. Villa Somoza 27 May, 30 July, 2 Sept. 1953; 
Casa Colorada, near Managua, Dec. 1953. 
trinidadensis. Villa Somoza, 25 May 1953. 
vesiciferus. Villa Somoza, 2 Sept. 1953, Fairchild and 
Hertig (1958a). 
ylephiletor. Villa Somoza, 27 May, 15 June 1953. 


HONDURAS 

Collections made in the Lancetilla Valley, near 
Tela, in connection with the Gorgas Memorial 
Laboratory’s yellow fever investigations have 
provided all that is known of the Phlebotomus 
sandfly fauna of Honduras, so that all the species 
listed below are from this locality. A few species 
have been reported previously by us. This sta- 
tion was operated from April 1953 to May 1954, 
and collections were made with human bait at 
ground level and in the forest canopy, with light 
traps, and by searching daytime resting places. 
In addition to the 17 named species listed below, 
we have material of 8 undescribed species. 


aclydiferus. 2 Sept. 1953 to 21 April 1954. 

apicalis. 2 Sept. 1953 to 29 April 1954. 

arborealis. 2 Sept. 1953 to 8 Feb. 1954. 

beltrani. 16 Sept. 1953 to 21 April 1954. 
and Hertig (1958a). 

bispinosus. 17 Sept 1953 to 18 March 1954. 

cruciatus. 26 June 1953 to 14 June 1954. 

cunhai. 19 Feb. 1954. 

deleoni. 24 July 1953 to 18 March 1954. 
and Hertig (1958a). 

galindot. 24 July 1953 to 2 March 1954. 

ovallesi. 24 Feb. 1954. 

paraensis. 25 November 1953. 

sanguinarius. 23 Sept. 1953 to 21 Apr. 1954. 
child and Hertig (1957). 

shannoni: 26 June 1953 to 14 June 1954. 

trapidei. 26 Aug. 1953 to 21 April 1954. 

trinidadensis. 26 June 1953 to 14 June 1954. 

undulatus. 20 Jan. 1954 to 10 Feb. 1954. 

ylephiletor. 26 June 1953 to 14 June 1954. 


Fairchild 


Fairchild 


Fair- 


EL SALVADOR 
Very little collecting has been done in this 
country and our few records are due to Dr. H. W. 
Kumm, and to a single collection made by two of 
our staff. 


cayennensis. La Libértad, 14 June 1953, Trapido and 
Galindo colls. 
chiapanensis. 
Galindo, colls. 
evansi. La 
Galindo colls. 
longipal pis. 
Kumm coll. 


La Libertad, 14 June 1953, Trapido and 
Fairchild and Hertig (1957.) 
Libertad, 14 June 1953, Trapido and 
A single female. 
Hacienda Ostia, Sept. 1941, H. W. 


GUATEMALA 
Our knowledge of the Guatemalan species is 
still scanty and limited to a single collection made 
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of Phlebotomus of Central America 


by Fairchild in hollow trees and buttresses along 
the road from Esquintla to San José, plus a 
species sent us by Dr. De Leon and the recent 
report of the finding of longipalpis. 


cayennensis maciasi. Esquintla to San José, para- 
types. (Fairchild and Hertig 1949). 

cruciatus. Trece Aguas, Alta Vera Paz, types; 
Esquintla to San José (Fairchild and Hertig 1948b). 

deleoni. Canchacan, Peten, types (Fairchild 
Hertig 1948a). 

evansi. Esquintla to San José, 3 June 1945, Fairchild 
coll. 

longipal pis. 
1959). 

undulatus. Esquintla to San José, types (Fairchild 
and Hertig 1951). 


and 


El Jicarillo, Progreso (Figueroa Garcia 


BRITISH HONDURAS 


We have been able to find published mention 
of but one species of Phlebotomus from British 
Honduras. Our colleagues, Drs. Trapido and 
Galindo, secured a single female of another species 
on a brief visit to Belize. Recent collecting, as 
yet unpublished, by Drs. D. J. Lewis and P. C. C. 
Garnham will certainly add a number of species. 

panamensis. Listed by Vargas and Diaz Najera 
(1953) as having been taken by Dampf in 1925, but with- 
out specific locality. 

diabolicus. 35 mi. S.E. of Belize on road to Roaring 
Creek, attacking man in low forest, 17 Oct. 1955. We 
believe this specimen to be diabolicus rather than 
cruciatus, though the two species are uncomfortably 
similar. 


MEXICO 


We are able to 
impressive list of 
Vargas and Diaz 


add only a few species to the 
Mexican species compiled by 
Najera (1953). Our material 
was secured on a brief trip to Chiapas in 1951 
(Fairchild 1953) and on yellow fever recon- 
naissance trips by our colleagues Drs. Trapido 
and Galindo in 1953 and 1955. Only localities 
additional to those given by Vargas and Diaz 
Najera are detailed below. 

aclydiferus. Vargas and Diaz Najera; Fairchild and 
Hertig (1953a). : 

anthophorus. Vargas and Diaz Najera. Gruta 
Garcia, Nuevo Le6én, Fairchild and Hertig (1956). 

apicalis. Ocosocautla, Palenque, and Sta. Maria, 
Chiapas, 8, 11 April, 36 March 1951, Fairchild and 
Hartmann colls.; Teapa, Tabasco, 16 Dec. 1953, Trapido 
and Galindo colls. 

beltrani. Vargas and Diaz Najera. Sta 
Palenque, Chiapas, Fairchild and Hertig (1958a). 

cayennensis. Vargas and Diaz Najera. 

cayennensis ‘maciast. Fairchild and 
Vargas and Diaz Najera. sp 

chiapanensis. Vargas and Diaz Najera. 

cruciatus. Vargas and Diaz Najera. We have speci- 
mens from the States of Chiapas, Tabasco, Quintana Roo, 
Morelos, Nuevo Leén, and Hidalgo, but it seems un 
necessary to list the localities in detail. 

ctenidophorus. Vargas and Diaz Najera. 

deleoni. Vargas and Diaz Najera. Sta. Maria, 
Chiapas, 17 April 1951, Fairchild and Hartmann colls 

del pozoi. Vargas and Diaz Najera. 

diabolicus. Vargas and Diaz Najera. Cafion de 
Lobos, Morelos, 20 Sept. 1955, biting man; Cola de 
Caballo, Nuevo Leén, 10 Sept. 1955; near Sta. Ana, 


de 


Maria, 


Hertig (1948); 
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Hidalgo, 15 Sept. 1955, all Trapido and Galindo colls. 

dodgei. Vargas and Diaz Najera. Tuxtla Guttiérrez, 
Chiapas, 23 March 1951, Fairchild and Hartmann colls. 
(Fairchild and Hertig 1956). 

durani. Vargas and Diaz Najera. i 

galindoi. Vargas and Diaz Najera. Ocosocautla and 
Sta. Maria, Chiapas, 8, 12 April 1951, Fairchild and 
Hartmann colls. 

hardisoni. Vargas and Diaz Najera. 

intermedius. Vargas and Diaz Najera. This may be 
a misidentification for one of the several closely allied 
species, e.g., ylephiletor F. & H. The record is based on 
a single female determined by Biagi, who did not at that 
time know of the complexity of the group. 

longipalpis. Vargas and Diaz Najera list the species 
as taken by us at Palenque, Chiapas, but our records 
show only specimens from Tuxtla Guttiérrez, Chis., 23 
Mar. 1951. Fairchild and Hertig (1958b). 

oppidanus. Vargus and Diaz Najera. Fairchild and 
Hertig (1957) add Gruta de Garcia, near Monterey, 
Nuevo Leén. 

ovallest. Palenque, Chiapas, 30 Mar., 2 Apr. 1951, 
Fairchild and Hartmann colls., two females, which may 
belong to an allied species. 

panamensis. Vargas and Diaz Najera. 

permirus. Fairchild and Hertig (1956), Palenque, 
Chicapas, 28 Mar. 1951, Fairchild and Hartmann colls. 

shannoni. Vargas and Diaz Najera. We have speci- 
mens from Ocosocautla and Sta. Maria, Chis., as well as 
those listed from Palenque. 

steatopygus. Fairchild and Hertig (1958a), Palenque, 
Chiapas, 28, 29, 31 March 1951, Fairchild and Hartmann 
colls. 

stewarti. Vargas and Diaz Najera. 

texanus. Vargas and Diaz Najera. 

trinidadenis. Vargas and Diaz Najera. Ocosocautla, 
Chis., 8 April 1951, Fairchild and Hartmann colls. 

undulatus. Vargas and Diaz Najera. Ocosocautla, 
Chis., 8 April 1951. Our records do not show that we 
took this species at Palenque as reported by Vargas and 
Diaz Najera. 

vexator. Vargas and Diaz Najera. 

vindicator. Vargas and Diaz Najera. Cafion de 
Lobos, near Cuernavaca, Morelos, 20 Sept. 1955 (Fair- 
child and Hertig 1957). 

wirthi. Vargas and Diaz Najera. 

ylephiletor. Vargas and Diaz Najera. Teapa, Ta- 
basco, 10, 19 Aug. 1953, Trapido and Galindo colls. 

Of the 54 named species recorded above, 31 
occur in Panama and 19 extend into South 
America, 2 of these not having so far been taken 
in Panama. Five species extend their range 
into the United States. In general it appears 
that the tropical rain-forest fauna, as exemplified 
by the collections from Tela, Honduras, Villa 
Somoza, Nicaragua, and the Atlantic slope in 
Costa Rica, is quite similar to the Panamanian 
forest fauna, with a large element of South 
American species, or species closely related to 
South American forms. The Mexican fauna is 
quite distinctive, the rain-forest species appearing 
only in the Chiapas and Tabasco collections. We 
suspect that a number of the Mexican species 
will be found to extend southward at higher 
elevations and in dryer habitats along the Pacific 
coast whenever proper search for them can be 
made. 

Man-biting species, and hence potential disease 
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vectors, appear to occur throughout the region, 
but too little information is yet available to be 
able to correlate their distributions with that of 
the human leishmaniases. 
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MIMETIC FORM AND COLORATION IN THE CERAMBYCIDAE (COLEOPTERA)' 


E. GORTON LINSLEY 
University of California, Berkeley 


ABSTRACT 


Batesian mimicry is widespread in the Cerambycidae, 
the commonest models being Aculeate Hymenoptera 
(ants, bees, wasps) and ‘‘protected’’ Coleoptera (especi- 
ally lycids, cantharids, chrysomelids, and weevils). 
In some cases it is expressed as a general group mimicry, 
as in the wasp-mimicking Clytini, Lepturini, and Necy- 
dalini, the ant-mimicking Tillomorphini, and the lycid- 
mimicking Pteroplatini, although some members of 
these tribes have specific models. More commonly, 
mimicry is sporadic, involving marked departures from 


Diurnally inactive Cerambycidae which secrete 
themselves during the day are usually dark 
colored, those which rest exposed on bark, twigs, 
or foliage, cryptic. Diurnally active forms gener- 
ally have brilliant or contrasting coloration and 
may be conspicuous in flight, less so when at rest. 
Flower visitors are often colored to match 
prevalent pollen sources (Chevrolat, 1860; 
Linsley, 1957); or, if distasteful, they may be 
warningly colored. Mimicry of both Batesian 
and Millerian types occurs irregularly throughout 
the family, especially among groups living in 
tropical regions. Unfortunately, however, few 
ecologists have carried out the necessary field 
studies to permit the proper interpretation of the 
individual cases occurring locally in a given 
region. The most significant contributions to the 
subject have been made by Bates (1870), Fowler 
(1901), Shelford (1902, 1916), and Gahan (1913). 
Shelford’s studies are notable as an intensive 
analysis of the fauna of a small area, 20 miles in 
diameter, in which he encountered more than 70 
species of mimetic Cerambycidae. No similar 
study has been made, to my knowledge, in any 
other comparable area, nor have Shelford’s 
interpretations been confirmed by re-investigation. 
Nevertheless, his general conclusions appear to be 
valid although details may be subject to later 
revision. The present review is intended merely 
to consider mimicry in the Cerambycidae from 
a broad standpoint, with the hope of stimulating 
more field research on the subject. 

Batesian mimicry, involving departures in form, 
coloration, and behavior, coinciding with those 
of such hymenopterous models as ants, bees, or 
wasps, or beetle models as lycids, cantharids, or 
chrysomelids, is widespread among the diurnal 
Cerambycidae, especially in the Cerambycinae, 
and exhibits varying degrees of complexity. In 
its simplest form it can be recognized as a ‘‘group 
mimicry,’ in which the species in a genus, in 
related genera, or in a tribe have a general but 
nonspecific resemblance to those of some other 
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near relatives in form, coloration, and behavior, with 
striking resemblance to a specific model. Although 
evident in most subfamilies and a large number of tribes, 
Batesian mimicry is most fully developed in the Rhino- 
tragini, where closely related forms mimic such diverse 
groups as bees, wasps, lycids, cantharids, and hispids. 
Miullerian mimicry has been less completely studied, 
although cerambycids are known to share Miullerian 
coloration with other insects in the West Indies and in 
Borneo. 


group of insects. Thus, the almost universally 
flower-visiting Lepturinae exhibit certain group 
characteristics commonly associated with this 
habit (e.g., an elongate and attenuated body 
form and bright coloration involving yellow and 
black, reds and black, etc.). These same char- 
acteristics are also common in flower-visiting 
wasps. Thus selection for wasplike flight and 
behavior has occurred repeatedly throughout 
much of the world, although the beetles, when not 
moving, may bear little superficial resemblance 
to wasps, as the North American Strangalia 
bicolor (Swederus) (Knab, 1896). The Clytini, 
also group mimics of wasps and also commonly 
but by no means universally flower visitors, 
mostly have short antennae, long legs, and very 
often yellow and black coloration. These have 
been selected not for wasplike flight, but for 
wasplike mannerisms in running about over logs 
and branches in the sunlight, as the well-known 
European wasp beetle Clytus arietis (Linnaeus) 
(Poulton, 1890) or the Australian Aridaeus 
thoracicus Donisthorpe (Tillyard, 1926).2 Wasp 
mimics in this tribe occur in a large number of 
genera on all continents. 

The closely related Tillomorphini, basically 
clytine in form, consists of species smaller in size. 
The genera in this tribe are group mimics of ants. 
The antlike form in this case is accomplished by 
a slight constriction of the elytra at the middle, 
usually accentuated by transverse ivory-like 
marks or oblique pubescent bands, a swollen, 
convex, pubescent elytral apex, and different 
coloration before and after the median constriction 
(fig. la-c). This type of mimicry, although 
basically similar in origin to that of the Lepturinae 
and Clytini, involves some morphological depar- 
ture from the ancestral type, and is often perfected 


‘Accepted for publication June 4, 1958. 
*The related Aridaeus cleroides McKeown 


(1942) is 
said to bear an ‘‘amazing resemblance’’ to the clerid 
Trogodendron fasciculatum Schr. which in turn simulates 
the movements of a wasp. 


sé 
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so as to coincide with that cf models of diverse 
types, as in the Australian Zoeidia and Ochrya 
(Poll, 1892), and may include the development of 
antlike heads as in Macronini (Brachyopes) and 
Pseudocephalini (Cyclocranium, Ametrocephala, 
and Formicomimus) (Tillyard, 1926). Specific 
mimicry in the North American species of Euderces 
and, Eplophorus may vary geographically and 
coincide with geographical color variation in the 
model, as Eplophorus bicinctus Linsley (1942) and 
its model Leptalea gracilis (Fabricius). The 
North African Pseudomyrmecion is said to live 
with ants of the genus Crematogaster (Grandi, 
1951). Poulton (in Shelford, 1902) suggests that 
Clytini and Tillomorphini are protected groups 
and that their mimicry of wasps and ants is of the 
Millerian type. However, more evidence is 
needed on this point (see below). 

A few other cases of group mimicry may be 
mentioned. The ovoid, apterous Parmenini and 
their relatives bear a general resemblance to 
spiders (fig. 1d) in such widely separated areas as 
California (e.g., Ipochus), Chile (e.g., Micro- 
cleptes), and South Africa (e.g., Spinosomatidia). 
Likewise, the Old World Mesosini and Apomycini 
cften bear a marked but nonspecific resemblance 
to Rhyncophora, the former to Anthribidae, the 
latter to Curculionidae (Shelford, 1902). Simi- 
larly, the Hippopsini and Agiini contain group 
mimics of brenthids, and the Australian species of 
Microtragus and Athemistus, dull colored, ground- 
frequenting forms, resemble ground weevils to a 
remarkable degree (McKeown, 1942). The broad, 
flattened, sedentary Pteroplatini are mimics of 
lycid beetles throughout trepical America, and in 
many cases this mimicry coincides in color and 
form with specific models in such genera as 
Calopleron and Lycus, to a high degree of perfec- 
tion (figs. 2a-d). These mimics join aggregations 
of their models, with whom they regularly 
associate. 

The Necydalini, on the other hand, are 
elongated, with short antennae and abbreviated 
elytra which expose the flying wings on the 
abdomen. These are group mimics of Hymenop- 
tera. Thus, members of the Holarctic genus 
Necydalis look and fly like ichneumonids as they 
course over grassy areas. Both sexes of the 
Neotropical Rhathymoscelis are wasp-like, but 
the abdomen is more constricted and the mimicry 
more perfect in the male (fig. 3a) (Lane, 1936). 
The Australian Hesthesis ferruginea Boisduval 
closely resembles the wasp Abispa ephippium 
(Fabricius) both in form and coloration, visiting 
flowers and moving with the same jerkiness and 
flicking of the wings (Tillyard, 1926; McKeown, 
1942); and the Indo-Malayan Colorhombus 
(Nothopeus), with the constricted abdomen 
appearing even narrower owing to a patch of 
silvery grey pubescence on each side, have 
colored wings like their models among various 
large wasps of the region (Shelford, 1902; Ritsema, 
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1911; Gahan, 1913; Kalshoven, 1935). Thus, 
C. fasciatipennis (Waterhouse) has a white band 
across dark wings, like its model Mygnimia 
princeps White; C. hemipterus (Olivier) is dark 
with glossy blue wings like its model Macromerus 
splendida Lepeletier; and C. auricomus (Ritsema) 
is golden pubescent with tawny wings, like 
Salius ceylonicus (Saussure). In New Zealand, 
the related spider wasp S. wakefieldi is mimicked 
by the extremely active, quick-flying, sunloving 


Fic. 1.—Australian ant mimics: (a) Cyclocranium 
swierstrae Poll, (b) Ochrya nana Poll, and (c) Mesolita 
inermis Poll. Chilean spider mimic: (d) Microcleptes 
variolosus Fairmaire and Germaine. Celeste Green del. 


Gastrosaurus nigricollis Bates (Hudson, 1934). 
In North America, Ulochaetes leoninus LeConte 
is a robust species which exhibits the buzzing 
flight and habitus of a bumblebee (Bombdus) and, 
when handled, the female makes a pretense of 
stinging with the ovipositor (Hardy and Preece, 
1926).3 The Chilean genus Callisphyrus, another 
member of this group, has enlarged legs with 
brushes of hair like the tibial scopa of antho- 
phorine bees. However, cerambycids with an 
elongated body and abbreviated elytra are 
selected for wasplike behavior only if, as indicated 
above, they are diurnal in habit. Thus, the 
small, diurnal species of Molorchus exhibit 
wasplike mannerisms, but not the similarly 
formed nocturnal species of Methia. In the 
Methiini, only the diurnal Coleomethia evaniiformis 


3By an odd coincidence, the larva of an asilid fly 
Bombomimus astur (Osten Sacken), which also mimics a 
bumblebee, preys upon the larva of Ulochaetes (Hardy 
and Preece, 1927). 
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Knull (1937) is mimetic, adopting the behavior of 
an evaniid wasp. 

With regard to specific resemblance of the 
Batesian type, Shelford (1916) has appropriately 
commented, “‘A student of mimicry cannot fail 
to be struck with the fact that mimetic resem- 
blances are due to a simulation of the model’s 
characters and not to a direct imitation of them. 
A fly mimicking a wasp does not develop a 
second pair of wings to imitate the wasp’s wings, 
but the wings of the fly may be so formed or so 
veined or grooved that they appear like the four 
wings of the wasp. Let us note one or two more 
instances of this from Borneo. A beetle of the 
distasteful family Endomychidae and belonging 
to the genus Spathomeles has a strong stout spine 
on each wing-case, and this character of spiny 
wing-cases or elytra is common to all the 
Amphisterni. This particular Spathomeles is 
closely mimicked by a Longicorn beetle Zelota 
spathomelina; the mimic is coloured like its 
model, and from each elytron springs what 
appears to be a spine, but on close examination 
is seen to be nothing but a finely pointed tuft of 
hairs. In other words, the spine of the model 
is simulated by the hair-tuft of the mimic. If 
natural selection is all-powerful, if it can guide 
rariations into any and every direction, why has 
it not called into being a spine on the elytron of 
the Longicorn? Spinosity of the elytra is 
unknown amongst [Bornean] Longicorns, pubes- 
cence is common, and natural selection must use 
the material to hand and make the best of that. 
To take another instance: there occur in Borneo 
numbers of parasitic Hymenoptera of the family 
Braconidae. Some of these, mostly of the genus 
M yosoma, are black with reddish head and thorax, 
and they are mimicked by Longicorns of the 
genus Obcrea. The Braconidae fly about very 
freely, they are wasp-waisted like so many 
Hymenoptera, and when they settle on a leaf 
they have the habit of walking about waving the 
antennae up and down in a very characteristic 
manner; the black wings are folded down over 
the back so that seen from above the wasp-waist 
is not visible. Now three species of Oberea 
resemble the Braconids in a very remarkable way; 
the colouring is the same, and a wasp-waisted 
effect is produced by a patch of silvery white 
pubescence on each side of the first and second 
abdominal segments (see fig. 3b); the part of the 
body covered with this pubescence tends to 
disappear from sight altogether, and the beetle 
looks as if the rest of the abdomen was slung on to 
the thorax by a mere pedicel as is really the case 
in the Braconidae. It may be added that all 
the Obereas are active fliers. all have the habit 
of agitating the antennae when walking about, 
and some of the species are so slender, and 
have the wing-cases so narrowed, that they look 
even more like Hymenoptera than the species 
with false wasp-waists. 
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“This kind of colouring whereby certain parts 
of the body, or even the whole body, may be 
made to disappear from sight is very common 
in the animal kingdom, but it actually occurs 
that an organ can be so constructed that part of 
it is practically invisible even when exposed. 
The little Longicorns of the genus Xyasfe mimic 
beetles of the family Lycidae; now the Lycidae 
have short, thick, flattened antennae, but the 
Longicorns of the sub-family to which NXvyaste 
belongs have the antennae long and slender. The 


effect of a short flattened antenna is produced in 
a very interesting way; the first few basal joints 


Fic. 2.—(a, c) Colombian lycids (Calopteron spp. 
and (b, d) their pteroplatine mimics (Pteroplatus spp.). 
Celeste Green del. 


are clothed thickly with long black hairs closely 
set together, whilst all the rest of the antenna is 
drawn out into a fine slender thread which is 
hardly visible; in fact at a short distance it is 
quite invisible, and the antennae appear to be 
exactly like those of the model.”’ 

Among the Lamiinae there are scattered ant 
mimics, such as Falsovellida congolensis (Hintz) 
which runs very rapidly and seldom takes flight 
(Duffy, 1957), and many are actually wingless 
forms, such as the North American Michthysoma 
and Cyrlinus and the Australian Mesolita 
myrmecophila Lea (1918). The genera Glenea 
and Neonitocris (Breuning, 1950) contain species 
resembling ichneumonids (Andrewes, 1904; 
Gahan, 1913) (fig. 3b) and other wasps (fig. 3c). 
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Lycid mimics appear in the Cermabycinae, 
Lepturinae, and Lamiinae (fig. 4a-d) (Bates, 1885; 
Shelford, 1902; Gahan, 1913; Chopard, 1949; 
Lepesme, 1950; Lane, 1954; Costa Lima, 1953). 
The Brazilian Sternacanthus undatus (Olivier) 
resembles Erotylus sexfasciatus Fabricius; the 
Burmese Estigmenida variabilis Gahan, the hispid 
Estigmena chinensis Hope; the Malayan /xais 
castelnaudi (Thomson), the weevil Episomus 
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Fic. 3. 
mimicking African Neonitocris. 


(a) Rhathymoscelis peruibensis Lane. (b, c) Wasp- 
Celeste Green del. 


chlorostigma Wied; and species of the Philippine 
genus Doliops mimic weevils of the genus 
Pachyrrhynchus (fig. 5c-d), and have a knoblike 
thickening corresponding to the terminal club of 
the weevil antennae. Similar mimicry occurs 
in South America, where various genera, including 
the remarkable Zelliboria, resemble hispids (Lane, 
1951), Ztes, cassidids (Lane, 1954), and Probatius 
choliniformis Lane the weevil Naedius elegans 
Lane and Moure (Lane, 1956). In Australia, the 
excessively slender species of Lygesis (Tillyard, 
1926) resemble coreids of the genus Leplocorixa, 
but the most remarkable bug-mimic now known 
is the Brazilian Melzerella lutzi Costa Lima (1931), 
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which is marked and colored like a pyrrhocorid or 
reduviid. On the other hand, Compsosoma mutil- 
larium Klug, together with the similarly hairy and 
brightly colored weevil Cyphus myrmosarius 
Perty, are striking mimics of a mutillid wasp 
(F. Lane, in litt.). 

Shelford (1902, 1916) divided the mimetic 
Longicorns of Borneo into three groups: (i) those 
that mimic Hymenoptera; (ii) those that mimic 
other beetles; (iii) those that mimic other and 
presumably distasteful species of Longicorns. 
Among the numerous examples discussed by him, 
the following are deserving of special mention. 

Stingless bees of the genus Melipona, which 
bite with vigor, swarm about the head, and have 
a disagreeable odor, are mimicked by many 
other insects, especially in the case of the Dammar 
bee, M. vidua Lepeletier, a black species with 
white wing-tips. Among these mimics is a 


Fic. 4.—Neotropical lycids, (a) Calopteron textile 
Bourg., (c) Calopteron sp., and mimics, (b) Lycidola 
retifera Waterhouse, (d) Lycomimus albocinctus Melzer. 
Celeste Green del. 


similarly marked longicorn, Epania singaporensis 
Pascoe, whose near relative E. sarawakensis 
Pascoe resembles an ant. Psebena brevipennis 
Gahan mimics a braconid of the genus Myosoma, 
and Glenea iresine Pascoe a blue sawfly, Hylotoma 
pruinosa. 


Among beetle mimics, the Saperdini and 
Astatheini contain many species resembling 
gallerucine Chrysomelidae. In Borneo these 
latter are all brilliantly or conspicuously colored, 
are excessively abundant in species as well as in 


individuals, and there is some evidence to show 
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that they are unpalatable insects. Shelford 
regards it as not unlikely that their mimics are 
also unpalatable and that the mimicry is 
Millerian rather than Batesian. He also states 
that in comparing collections of galerucids and 
longicorns of the two groups, if he picked out at 
random a galerucid of striking coloration he could 
almost invariably match it with a similarly 
colored longicorn. Among the striking patterns 
shared by the galerucids and longicorns were: 
(1) Bright blue with white antennae; (2) Yellow 
with blue band across basal half of elytra; (3) 
Dark, shining blue, with apical half of elytra 
yellow or red; (4) Elytra dark, shining blue, head 
and prothorax yellow or red; and (5) Fulvous 
yellow or brown. The parallelism extended to 


Fig. 5.—(a) A Neotropical hispid, Cephalodonta 
maculata (Olivier), and (b) a rhinotragine mimic, Ery- 
throplatys corallifer White. (c) A Philippine weevil. 
Pachyrrhynchus erischsoni Waterhouse, and (d) its mimic, 
Doliops curculionoides Waterhouse. Celeste Green del. 


galerucids Antipha 
nigra and A. abdominalis were colored according 
to type 3, but the former has the abdomen 
beneath black, the latter yellow. Exactly the 
same difference distinguishes the two mimics 
Astathes posticalis and A. flaviventris. Other 
Bornean cerambycids are said to mimic coccinelids 
and cicindelids. 

One of the most interesting and perhaps 
controversial results of Shelford’s studies was the 
conclusion that Bornean longicorns mimic other 
longicorns. In his own words (Shelford, 1916) he 
states, “Just as amongst butterflies so amongst 
this group of beetles do we find that certain 
genera are protected and serve as models to 
many other genera. Amongst Longicorns the 


quite minor details; e.g., the 
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protected families are two only, both of the 
Cerambycidae, viz. the Callichromini and the 
Clytini. The species of the former which serve 
as models all belong to one genus, Chloridolum; 
they are all bright metallic green beetles, occurring 
in great abundance on felled timber; they emit 
a strong, but to human nostrils by no means an 
unpleasant, odor proceeding from glands in the 
thorax, which open to the exterior by two pores. 
They are mimicked by members of the Saperdini 
and Phytaeciini, and of the Oemiini, Disteniini, 
and Lepturini. The Clytini include the British 
Clytus arietis, a species which, as is well known, 
is marked like a wasp and when seized behaves 
as if it were about to sting. We cannot say for 
certain if this is a case of Miillerian or Batesian 
mimicry, but I am almost certain that the 
Oriental Clytini are for the most part protected. 
Chlorophorus (Clytanthus) annularis, a yellow 
beetle banded with black, swarmed in countless 
numbers on Mt. Penrisen, while around Kuching 
some species of Demonax, grey, black-banded 
beetles, were amongst the commonest of. all 
Longicorns. Their abundance, combined with 
the fact that they are widely mimicked, forces us 
to the conclusion that these two genera, at any 


Fic. 6.—Brazilian wasps and rhinotragine mimics: 
(a) Polybia nigra Sauss., (b) Sphecomorpha murina Klug, 
(c) Polybia liliacea Sauss., and (d) Acyphoderes odyneroides 
White. Celeste Green del. 


rate, are protected These protected Clytini 
exhibit three types of coloration: (1) yellow with 
black bands or stripes; (2) grey with black 
bands; (3) as (2), but with red thorax. The 
Clytinae of type (1) are mimicked by a Lamiine, 
Cylindrepomus comis, by a Phytaeciine, Daphisia 
sp., and by a Lepturine, Lep/ura sp. A species 
of Leptura also mimics a Demonax coloured 
according to type (3). All the other mimics, 
including six species belonging to four subfamilies, 
resemble species of Demonax and Xylotrechus, 
coloured according to type (2).”’ 

The most instructive case of Batesian mimicry 
from the ecological and evolutionary standpoint 
is that of the Neotropical Rhinotragini (figs, 
5, 6, 7). Perhaps nowhere in the Animal 
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Kingdom is Batesian mimicry so highly developed. 
In this tribe closely related forms resemble, 
associate with, and behave like groups of insects 
which are very diverse in form, coloration, and 
habits. In fact, most of the genera in this tribe 
consist of species which are quite obviously 
mimetic. Some closely resemble protected groups 
of beetles; e.g., Oxylymma, Rhinotragus, Ommata, 
Cantharoxylymma, and Oregostoma luridum Klug 
look like species of Chauliognathus or other 
cantharids (fig. 6a, c, d); Ornistomis and certain 
other Oregostoma species mimic and congregate 
with lycids; and the mimetic analogue of 
Erythroplatys corallifer White is the hispine leaf 
beetle Cephalodonta maculata (Olivier) (fig. 5a-b). 

Genera closely allied to these lycid-mimics 
contain flower-visiting species which are vespi- 
form, as Sphecomorpha, Phespia (fig. 7b), and 
Acyphoderes. The resemblance of such groups 
to their models is very close. Thus Bates (1870) 
points out that Acyphoderes odyneroides White, 
which visits flowers of Pitomba, so closely suggests 
Polybia nigra Saussure, a wasp which visits the 
same flowers, that he was never sure whether 
he had captured the beetle or the wasp until he 
had closely examined the captured insect (fig. 
6c-d). Sphecomorpha murina Klug, of the same 
region, likewise resembles Polybia liliacea Saussure 
(fig. Ga-b). Species of Odontocera are also 
vespiform and, according to Bates, the individuals 
fly nimbly from flower to flower, “‘deceiving the 
eye of the beholder” by their strong resemblance 
to wasps. 

Other Rhinotragini resemble parasitic Hymen- 
optera. Among these may be mentioned the 
‘striking resemblance’”’ of the species of /sthmidae 
to braconid wasps, emphasized by the filiform 
abdomen of the female which resembles the 
ovipositor, and the yellow and black wings. 
Another species, Physopoda albitarsis (Klug), 
resembles a large mosquito of the genus Culex, 
and several groups mimic bees. Thus, the 
flower-frequenting species of Epimeiitta and 
Physopoda subvestita (White) resemble species of 
the stingless meliponid bees, the latter species a 
common pale Melipona with black hairs on the 
hind tibiae. In Tomopterus, another group of 
bee-mimics, 7. larroides White looks li!:e a small 
bee of the genus Megachile (Bates, 1870). 

Similar, but less diverse, groups of mimics occur 
in other sections of the family, as the lamiine 
tribes Tropidosomatini, in which the related 
genera Tropidesoma and Pteracantha are lyciform, 
Clenodes and Streptolabis hispiform, and Gymno- 
cerini, in which Gymnocerus belli Bates is weevil- 
like and G. dulcissimus Bates erotylid-like. As 
final examples of extreme mimetic development 
we mention the prionine genus Anacolus, in 
which the males are wasp-like and the females 
mimic Chauliognathus and other cantharids, and 
Cycloprionus Tippmann, in which the females are 
chrysomelid-like (Tippmann, 1953b). 

In the West Indies there exists a widespread 
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“Millerian ring’’ of synaposomatic mimicry 
involving distasteful or inedible forms of various 
insect groups, particularly the Coleoptera and 
Hemiptera. Edible species in several orders, 
including beetles of various families, have taken 
advantage of the existence of this ring by develop- 
ing ‘‘Batesian’’ mimics. Included in the Millerian 
group are lycids of the genus Thonalmus which 
are bright orange or red, with the apex of the 


Fic. 7.—Mimetic Neotropical Rhinotragini. (a, c) 
Ommata spp., (b) Phespia corinna Pascoe, (d) Rhino- 
tragus opicalis Guerin. Celeste Green del. 


elytra blue. These are presumed to be models 
for numerous Batesian mimics, including ceramby- 
cids of the genera Trichrous, Heterops, and 
Calocosmus (this last, a relative of Tetraopes, may 
possibly be distasteful and function as part of the 
Millerian ring). 

In a series of experiments, Darlington (1938) 
attempted to determine the relative edibility 
of some of these Cerambycidae. Seven specimens 
of four species of Thonalmus-like Cerambycidae 
were caged for periods of up to a week with the 
lizard Anolis sagrei (Duméril and _ Bibron), 
sometimes with and sometimes without Thonalmus 
in the cage. In no case did the lizards eat or, so 
far as Darlington observed, show any interest 
in the Thonalmus-like species. Heterops dimidiata 
(Chevrolat), with black-tipped elytra, survived 
as well as the blue-tipped species which resemble 
Thonalmus more closely. While the Thonalmus- 
like Cerambycidae were unmolested, the lizards 
did eat 11 plainly colored specimens of 6 rather 
diverse species (some Cerambycinae, some 
Lamiinae). They refused no plainly colored 
species. There was nothing that Darlington 
could find in the structure of these Thonalmus-like 
longicorns to make them less acceptable food 
than the plainly colored species—no difference in 
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size or hardness or spinosity—nor did the Thonal- 
mus-like forms exude a defensive fluid. Only 
one individual of Calocosmus venustus (Chevrolat) 
was available for introduction into the cages. 
It was found dead 2 days later, but «:parently 
had not been killed by the lizards. 

In conclusion, it may be mentioned that 
experimental evidence has been accumulated by 
many workers indicating that bees, wasps, and 
beetles of the families referred to above are 
generally avoided by vertebrate predators or have 
a certain degree of immunity from attack (see 
especially Jones, 1932, and Darlington, 1938). 
It appears significant that bee- and wasp-mimics 
of the Cermabycidae are generally flower- 
frequenting types, and that lycid-, cantharid-, 
chrysomelid-, and ant-mimics are most commonly 
found on trees and other vegetation in the same 
situations as their models. Also, although there 
is an abundance of species of Cerambycidae, 
individuals are often rare, and in mimetic forms 
are usually exceeded numerically by their models. 

Most objections to the theory of mimicry have 
been directed at the mechanism by which the 
mimetic pattern is produced. Nicholson (1927) 
emphasizes that protective resemblance appar- 
ently offers a slight advantage to certain indi- 
viduals rather than to the species as a whole, 
and thus has been brought about by a gradual 
accumulation of slight changes in the direction of 
an ultimate mimetic pattern. 
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NOTES ON THE BIOLOGY AND SYSTEMATICS OF THE DERMESTID BEETLE 
GENUS ASPECTUS WITH DESCRIPTIONS OF TWO NEW SPECIES' 


R. S. BEAL, JR. 
Entomology Research Division, Agricultural Research Service, U. S. Department of Agriculture 


ABSTRACT 


The subfamily Trinodinae is characterized and 
Apsectus, its single New-World genus, is redescribed. 
New species are Apsectus araneorum (Arizona) and A. 


The genus A psectus is an interesting but little- 
known group of minute dermestid beetles which 
are habitués of spider nests. The genus was 
established by John L. LeConte in 1854 for a 
species from the eastern United States, which 
had been described by Dr. Frederick E. Mel- 
sheimer in 1846 as a byrrhid under the name 
Syncalypia hispida. Thomas L. Casey, in his 
revision of the North American Dermestidae in 
1900, recognized that specimens from the western 
United States might represent a species closely 
allied to hispidus, but he did not attempt to 
describe it. Four additional species from Mexico 
and Guatemala were added to the genus by David 
Sharp in 1902. In 1915 G. J. Arrow transferred 
to the genus a Mexican species which had been 
described by Edmund Reitter as a Trinodes. 


Aside from the description of the larva of A. 
hispidus by Bryant Rees in 1943, no other infor- 
mation of consequence has been published on the 


group. In his 1915 paper Arrow also transferred 
an Oriental species to A psectus and described two 
further Oriental species in the genus, but I 
believe that this was an error and have erected a 
separate genus for these species in another paper 
(in press). 

In this paper I am describing two new species, 
one from Arizona and another from the Panama 
Canal Zone, redescribing A psectus hispidus, and 
using information gained from the study to rede- 
fine the genus and the subfamily Trinodinae, to 
which Apsectus belongs. I am also recording 
some observations made on the life history and 
habits of members of the genus. 

Besides A psectus three other genera are cur- 
rently assigned to the subfamily Trinodinae. 
These are Trinodes Latreille, 1829, largely a 
Palaearctic genus; Hexanodes Blair, 1941, a New 
Zealand genus represented by a single species, 
and Evorinea Beal, in press, an Oriental genus. 
All adults of the subfamily are minute, suboval, 
convex, and covered with long, erect hairs. 
The most noticeable diagnostic character is a 
prominent carina near the lateral margin of the 
pronotum which extends from the base to the 
middle of the pronotum or beyond. The pro- 
notum is depressed mesad to the carina, giving 


dichromus (Panama); A. hispidus (Melsheimer) is rede- 
scribed. The biology and life history of A. hispidus and 
A. araneorum, both of which inhabit spider nests, are 
outlined. 


the lateral margin of the pronotum a furrowed 
appearance. The larvae are short and stout, a 
little reminiscent of Anthrenus larvae, but lack 
the posterior hastisetal tufts of Anthrenus. They 
present a humpbacked appearance, caused by the 
last few abdominal segments being curved ven- 
trally. The larvae are covered with long, erect 
hairs. A diagnostic character marking all larvae 
of the Trinodinae is a pitlike structure on the 
pleura of the eighth abdominal segment. The 
characters which distinguish the subfamily are 
suitable for separating Apsectus from other 
American dermestid genera, since it is the only 
known trinodine genus in the New World. 
Other characters distinguishing the subfamily are 
given in the description which follows. 

Rees (1943) characterized the larvae of the 
Trinodinae from Apsectus hispidus, the only 
species in the subfamily which was then available 
tohim. A comparison of the larvae of two species 
of Apsectus with a larva of Trinodes sp. and a 
larva which possibly belongs to the genus Evori- 
nea suggests that some of the characters which 
Rees ascribed to the subfamily are of generic or 
specific value only. Accordingly, in order to dis- 
cuss larval generic characters, it is necessary first 
to redefine the larval characters for the subfamily. 


REDESCRIPTION OF LARVAE OF THE TRINODINAE 


Antenna with very short first and second 
segments; accessory papilla subequal in length 
to third segment; one long seta subequal in length 
to third segment inserted at apex of third seg- 
ment; additional short seta at apex present or 
not. Labrum with numerous moderately long 
nudisetae and four weakly sclerotized, lanceolate 
setae near margin at middle. Margin of 
epipharynx with a series of about five convergent, 
oval or broadly lanceolate setae on each side, 
these progressively larger toward middle; no 
setae on margin of epipharynx at middle. 
Epipharynx with proximal sensory area com- 
posed of a transverse series of 4 sensory pits and a 
slightly more proximal row of 14 to 22 sensory 
pits; epipharyngeal rods tapering posteriorly, 
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eurved, and diverging lateroposteriorly. Maxil- 
lary palpus 4-segmented; apical segment as long 
as second and third segments combined. Man- 
dibles toothed along inner, dorsal, cutting edge; 
retinaculum absent. 

Each thoracic and abdominal tergite bearing 
numerous long and short, quadrangular spicisetae. 
No setae present on acrotergites except for two 
or three very minute nudisetae on each side; 
hastisetae absent or represented by setae with 
shaft typical of hastisetae but with a more or less 
obovate-shaped head rather than spear-shaped 
head; a brush of coarse setae between coxae of 
each pair of legs. First abdominal sternum un- 
sclerotized. Posterior pleural region of eighth 
abdominal segment bearing a large, oval, pitlike 
structure covered with setae arising from anterior 
margin of structure. Ninth abdominal segment 
with fully developed and sclerotized tergum and 
sternum; urogomphi. absent. Tenth abdominal 
segment with sclerotized tergum only. 


Genus Apsectus LeConte 


‘oe LeConte, 1854, Proc. Acad. Nat. Sci. Phila. 

: 113; Jayne, 1882, Proc. Amer. Philos. Soc. 20: 371; 

C asey, 1900, Jour. N. Y. Ent. Soc. 8: 163; Arrow, 1915, 

Ann. Mz ig. Nat. Hist. (8) 15: 449; Blair, 1941, Ent. 

Monthly Mag. 77: 15; Rees, 1943, U. S. D. A. Misc. 

Pub. 511:9; Hinton, 1945, Beetles assoc. with stored 
prod., 1: 302. 


Adult male.—Dorsal surface covered with all 
erect setae or with intermingled erect and suberect 
setae; row of very short setae present on sutural 
margins on posterior half of elytra. Antenna 11- 
segmented with 3-segmented club; terminal seg- 
ment more than twice as long as segments 9 and 
10 combined. Mouthparts resting against an- 
terior margin of prosternum rather than against 
coxae. Prosternal process short, not extending 
into mesosternum; width of process between 
procoxae equal to one-half to two-thirds distance 
between bases of antennae. Mesosternum not 
sulcate. Intercoxal process of metasternum mod- 
erately short, without a fovea, and with posterior 
margin either entire or with shallow emargination. 
Metacoxa abutting squarely against inner margin 
of metepisternum, not extending to metepimeron. 

Adult female—Antennal club 3-segmented; ter- 
minal segment about one and two-thirds as long 
as segments 9 and 10 combined. No dense 
cluster of long setae present at middle of first 
abdominal sternum; small dense cluster of fine 
setae present at middle of fifth abdominal 
sternum. 

Mature larva.—Body elongate oval; head honey- 
colored; terga of thorax and abdomen hyaline with 
distinct, brown to smoky, pigmentation pattern 
similar to that illustrated (fig. 1). Head bearing 
nudisetae only; thoracic and abdominal tergites 
with quadrangular spicisetae only. First segment 
of antenna bearing a single seta placed on anterior 
side. 
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Hexanodes differs markedly from A psectus, 
having a six-segmented antennal club, a very 
short prosternum so that the mouthparts rest 
against the procoxae, and a fovea on the inter- 
coxal process of .the metasternum. Trinodes 
differs from Apsectus primarily in its sternal 
structure, in which the prosternum is long and 
narrow and received in a sulcus in the meso- 
sternum. In both Apsectus and Evorinea the 
prosternum is relatively short and the meso- 
sternum is without a sulcus. The posterior mar- 
gin of the intercoxal process of the metasternum 
has a relatively deep and narrow emargination in 
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Fic. 1.—(a) Larva of Apsectus araneorum with right 
half denuded; (b) base and ee of large spiciseta 
from first abdominal te rgum of A psectus hispidus; (c) base 
and midsection of large spiciseta from first abdominal 
tergum of A psectus araneorum. 


Trinodes, while the corresponding process in 
A psectus and Evorinea is entire or very shallowly 
emarginate. Although A psectus and Evorinea 
have similar sternal structures, they appear to 
differ more from each other than A psectus does 
from Trinodes. In Evorinea the male antennal 
club consists of a single segment instead of three 
segments, the female antennal club is two- 
segmented, and the hind coxae are very widely 
separated instead of being separated by a dis- 
tance about equal to the length of the coxa. In 
Apsectus (and always in Trinodes?) there is a 
patch of dense, fine pubescence at the middle of 
the fifth abdominal sternum of the female. This 
patch is wanting in Evorinea. Instead the 
female of Evorinea has a small raised area with a 
shallow pit from which arise a number of longer 
setae at the middle of the first abdominal sternum. 





134 


Adults of species of A psectus, with the exception 
of A. dichromus, are very difficult to separate by 
external characters. A. dichromus is distinct from 
other known species by its elytral color pattern 
and by the presence of distinct humeral carinae 
on the elytra. Specimens of A. hispidus and 
araneorum on the other hand are externally quite 
similar. They can be distinguished by differences 
in the color of the pronotum, but not invariably 
so. Sharp described differences in the relative 
length to width of the terminal antennal segment 
of the males to distinguish some of his Mexican 
species. This character is subject to great varia- 
tion, especially in A. araneorum. Only a study of 
long series of each species can determine its value 
as a diagnostic character. It is this lack of 
external characters which makes it very difficult 
to interpret the forms which Sharp described. 

Characters associated with the male genitalia 
appear to be most reliable in the separation of 
adults. Of particular value is the length of the 
aedeagus relative to the length of the parameres, 
the degree of curvature of the aedeagus when 
viewed from the side, and the size of the median 
orifice (phallotreme) of the aedeagus. The size 
and shape of the median orifice are quite distinct 
in cleared preparations of the genitalia, being 
marked by a finely striated border. Other dif- 
ferences which appear in the genitalia, such as the 
length of the ventral connecting piece of the 
phallobase (designated the “‘bridge’’ in my pre- 
vious studies of dermestid genitalia) and the 
shape of the basal apodemes of the aedeagus seem 
too variable to be of use as specific characters. 


Apsectus hispidus (Melsheimer) 

Syncalpta hispida Melsheimer, 1844, Proc. Acad. Nat. 
Sci. Phila. 2: 117. 

A psectus hispidus, LeConte, 1854, Proc. Acad. Nat. Sci. 
Phila. 7: 113; Jayne, 1882, Proc. Amer. Philos. Soc. 
20: 372; Casey, 1900, Jour. N. Y. Ent. Soc. 8: 163; 
Dalla Torre, 1911, Junk Col. Cat. 33: 86; Rees, 1943, 
U.S. D. A. Misc. Pub. 511: 9, 14-17. 


Adult male.—Head light reddish-yellow to 
fusco-testaceous; pronotum light fusco-testaceous 
to fuscous; elytra and ventral surfaces uniformly 
brown to fuscous; prontotum usually neticeably 
lighter in color than elytra, but not invariably so. 
Dorsal pubescence light golden brown; hairs all 
erect; longest setae of elytra (those along lateral 
margins of elytra) 114 to 134 times as long as 
scutellum; ventral pubescence appressed, golden 
yellow. Terminal segment of antenna 1% to 2% 
times as long as wide. Elytron without longi- 
tudinal carina near humerus, having at most only 
a sublateral depression at base. Metacoxal 
process of metasternum with emargination at 
middle of posterior margin. Genitalia as illus- 
trated (fig. 2). Length (of pronotum and elytra) 
varying from 1.6 mm. to 1.7 mm. 

Adult female.—Length (of pronotum and elytra) 
varying from 1.4 mm. to 1.9 mm. 
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Mature larva.—General habitus and dorsal pig- 
mentation similar to that of araneorum (fig. 1). 
Spicisetae of dorsal surface with scales more or 
less appressed; scales obsolete on basal area of 
shaft of spicisetae (fig. 1). One long and one 
short seta present at apex of third antennal 
segment. Terga without visible antecostal su- 
tures. Femora darkly pigmented, becoming 
lighter on dorsal surface at basal fourth but 
without abruptly marked hyaline area. 

Type locality—Pennsylvania. Type in col- 
lection of Museum of Comparative Zoology, 
Harvard University. 

Recorded distribution.—Pennsylvania (Melshei- 
mer); Austin, Texas (Casey); Middle and South- 
ern States (LeConte). 

New records MARYLAND: Plummer’s Island, 
numerous specimens collected by E. A. Schwarz, 
H.S. Barber, L. L. Buchanan, and R. C. Shannon 
between the years 1905 and 1924 and deposited 
in the U.S. National Museum. The earliest and 
latest yearly dates for collection of adults are 
June 25 and August 13. Larvae, same locality, 
May 28, 1958 (R. S. Beal). Texas: Browns- 
ville, December 11, 1956, two larvae subsequently 
reared to adults (R. S. Beal); Devil’s River, May 
4, 1907 (F. C. Pratt). 

Adults of this species can usually be recognized 
by the distinctly lighter color of the pronotum, 
which is usually reddish, in contrast to the piceous 
or black color of the elytra. Occasional specimens 
have the pronotum as dark as the elytra. The 
only other externally visible character which will 
serve to distinguish this species from A. araneorum 
is the definite emargination of the metasternum 
between the hind coxae. In A. araneorum the 
metasternum is slightly sinuate between the 
coxae or the hind margin forms a very shallow 
“V"’ but it does not have a rounding emargina- 
tion. The male genitalia of A. hispidus are dis- 
tinctive, being characterized by a long median 
orifice, by the aedeagus projecting beyond the 
parameres more than half their length, and by 
the very slight dorsoventral curve of the aedeagus. 
The larva of A. hispidus is distinguished from the 
larva of A. araneorum by the absence of antecostal 
sutures on the terga. The structure of the large 
spicisetae also differs consistently between the 
two species, as illustrated in figure 1. This 
character can be satisfactorily observed only 
under a compound microscope. 

Although the species is known only from 
widely scattered localities, it is in all probability 
generally distributed throughout the south- 
eastern United States except in the colder, 
mountainous areas. I can find no consistent 
differences between the specimens taken in 
Brownsville, Texas, and specimens from Plum- 
mer’s Island, Maryland, and believe them to be 
the same species. 

LeConte (1854) records the adults as found on 
leaves. This is probably only an accidental 
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association. Larvae which I found at Browns- 
ville were in a mass of spider webbing on the wall 
of an old pump house, and larvae which I found 
at Plummer’s Island were in spider webs on the 
underside of large stones in a pile of stones 
beneath the porch of a cabin. The life history of 
the species is probably similar to that of A. 
araneorum. 


Apsectus araneorum, new species 


Adult male.—Dorsal and ventral surfaces black. 
Dorsal pubescence between griseous and light 
golden brown; hairs intermingled erect and 
slightly suberect; longest setae of elytra (those 
along lateral margins of elytra) 1144 times as 
long as scutellum; ventral pubescence appressed, 
light golden brown. Terminal antennal segment 
224 times as long as wide. Elytron without 
longitudinal carina near humerus, having at most 
only a sublateral depression at base. Intercoxal 
process of metasternum slightly sinuate at middle 
of posterior margin but not emarginate. Genitalia 
as illustrated (fig. 2). Length (of pronotum and 
elytra): 1.9 mm. 

Range of observed variations.—Pronotum and 
elytra fusco-testaceous to black; pronotum as 
dark as or darker than elytra; longest setae of 
elytra 1144 to 11% times as long as scutellum. 
Terminal antennal segment of male 17% to 22% 
times as long as wide. Length (of pronotum and 
elytra) of males varying between 1.6 mm. and 
1.9 mm.; length of females varying between 
2.0 mm. and 2.3 mm. 

Mature larva.—General habitus and dorsal pig- 
mentation as illustrated (fig. 1). Spicisetae of 
dorsal surface with scales more divergent than in 
hispidus, giving shaft of seta dentate appearance; 
scales well developed on basal part of shaft (fig. 
1). Only one seta present at apex of third 
antennal segment. Terga of second and third 
thoracic segments and each abdominal segment 
with well-defined antecostal sutures. Femora 
darkly pigmented with well-defined hyaline area 
on dorsal surface at basal fourth and with hyaline 
apex. 

Holotype male and allotype female (U. S. Na- 
tional Museum No. 64268).—Linden, Navajo 
County, Arizona, August 27, 1957, reared as 
adults, January 9, 1958 (R. S. Beal). Spermo- 
types (progeny from holotype and allotype 
specimens): numerous specimens, all stages. 
Paratypes from the following localities (all de- 
posited in collection of U. S. National Museum): 
Chiricahua Mts., Arizona, June 14, 1897, 3 
males and 2 females, June 24, 1897, 1 male 
(Hubbard and Schwarz); Oracle, Pima County, 
Arizona, July 6, 1898, 2 males (Hubbard and 
Schwarz); Linden, Navajo County, Arizona, 
August 13, 1957, 2 larvae (J. H. Mast). 

The dark, fusco-testaceous pronotum, which is 
as dark as or darker than the elytra, ordinarily 
separates this species from A. hispidus. The 
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long aedeagus, curved dorsally, and provided 
with a small, nearly circular median orifice, serves 
for the positive identification of males of the 
species. The larvae are most readily distin- 
guished from larvae of A. hispidus by the presence 
of a distinct antecostal suture on the terga of the 
second and third thoracic and the abdominal 
segments. 
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Male species of Apsectus: (a 
ventral hispidus, lateral aspect; 
(c) dichroma, ventral aspect; (d) dichroma, lateral aspect; 
(e) aedeagus only of specimen of araneorum from the 
Chiricahua Mts., Arizona; (f) araneorum, specimen from 
Oracle, Arizona, ventral view; (g) same, lateral view 


phalli of 
aspect; (b 


Fic. 2. 
hispidus, 


One male of the short series from the Chiricahua 
Mountains, Arizona, found to 
have an aedeagus with a shape somewhat different 
from that of males from the other localities (fig 
2). This probably represents the normal range 
of variation within the species. 


was dissected and 
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Larvae of this species were found in moderate 
abundance at Linden, Arizona, in a dense mass 
of spider webbing on the underside of a stringer 
inside an old barn. The locality is at an elevation 
of about 6,500 feet, and is in a ponderosa pine 
forest. Four species of spiders were identified 
from the mass of webbing, Agelenopsis sp. 
(Agelenidae), Dipoena sp. (Theridiidae), Dictyna 
sp. (Dictynidae), and Orchestina sp. (Oonopidae). 
It was not determined whether the beetles were 
limited to one particular kind of web, but the 
small, sheet-like webs of the lesser mesh spinners, 
Dictyna, were the most prevalent. In the lab- 
oratory a larva, placed in a jar where a species of 
the spider family Micryphantidae had been in- 
duced to spin a web, was observed to climb about 
on the webbing with the greatest ease, sometimes 
moving from one part of the web to another 
suspended beneath a single strand. Other larvae 
were placed in a dish with spider webbing and 
dried insects. The larvae invariably seemed to 
prefer crawling about the webbing to living 
and feeding on the dried insects, as would 
he expected of a dermestid beetle. When the 
larvae were placed on the insects they always 
migrated back to the webbing. The larvae were 
observed to eat webbing and egg sacs and to eat 
dried eggs within old egg sacs. Whether they 
will feed on living eggs was not determined. 
Apparently, as is the case with most dermestids, 
the number of instars is irregular. Those 
reared in the laboratory appeared to have an 
average of six instars. Judging from the col- 
lection data of the adults and the maturity of the 
larvae found at Linden, the species overwinters 
in the larval stage. Under laboratory conditions 
the pupal stage lasted 6 days, the pupa remaining 
in the last larval skin. Upon emergence the adult 
wadded the pupal skin into the posterior end of 
the larval skin, a type of behaviour found in 
many other dermestids. The adult remained in 
a quiescent state in the last larval skin for 3 
days. Adults mated readily in the laboratory 
without the necessity of first flying or of feeding 
on nectar or pollen. 


Apsectus dichromus, new species 


Adult male——Dorsal and ventral surfaces 
fuscous black with apical third of elytra buff 
yellow. Dorsal and ventral pubescence ivory 
yellow; hairs intermingled erect and _ slightly 
suberect; longest setae cf elytra (those along 
lateral margins of elytra) 11% times as long as 
scutellum. Terminal antennal segment 11% times 
as long as wide. Elytron with longitudinal carina 
and furrow just mesad of humerus, similar to and 
matching longitudinal, sublateral carina of pro- 
notum and subequal in length to carina of pro- 
notum. Intercoxal process of metasternum with 
very slight sinuation on posterior margin but 
without emargination. Genitalia as illustrated 
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(fig. 2). Length (of pronotum and elytra): 1.6 
mm. 

Adult female.—Length (of pronotum and ely- 
tra): 1.7 mm. 

Holotype male (U. S. National Museum No. 
64269).—Barro Colorado Island, Panama Canal 
Zone, July 4-11, 1941; allotype female, same 
locality, September, 1941 (James Zetek); one 
male paratype, same data as holotype; one male 
paratype, Juan Mina, 5 miles up Chagres River, 
August 24, 1918 (H. Morrison) (allotype and 
paratypes all deposited in the collection of the 
U.S. National Museum). 

Adults of this species are easily recognized by 
the buff yellow color of the apical third of the 
elytra and by the very distinct humeral carinae 
on the elytra, characters which are found in no 
other Apsectus. The immature stages are un- 
known, as are details of the biology of the species. 


OTHER SPECIES DESCRIBED IN THE GENUS 


Too little material has been available to permit 
a study of the relationships of the Mexican and 
Central American species which have been de- 
scribed. The descriptions given by Sharp and 
by Reitter are inadequate for identification of 
their species. 


Apsectus mexicanus (Reitter) 
Trinodes mexicanus Reitter, 1880 (1881), Verh. Nat. 
Ver. Briinn 19: 60 (type locality: Mexico). 
Apsectus mexicanus Arrow, 1915, Ann. Mag. Nat. Hist. 
(8) 15: 449. 
Apsectus hystrix Sharp 
Apsectus hystrix Sharp, 1902, Biol. 
Coleopt. 2(1): 668-69 (type locality: 
rero, Mexico). 
=Apsectus mexicanus (Reitter), Arrow, 
Mag. Nat. Hist. (8) 15: 449. 
Apsectus centralis Sharp 
Apsectus centralis Sharp, 1902, Biol. Centr.-Amer., 
Coleopt. 2(1): 669 (type locality: Guatemala City, 
Guatemala). 
Apsectus obscurus Sharp 
Apsectus obscurus Sharp, 
Toxpam, Mexico). 
Apsectus minutus Sharp 
Apsectus minutus Sharp, 1902, ibid. (type locality: 
Chilpancingo, 4,600 ft., Mexico). 


Centr.-Amer., 
Amula, Guer- 


1915, Ann. 


1902, ibid. (type locality: 


Arrow’s synonymy of A. hystrix and A. mexi- 
canus is open to reasonable doubt. In view of 
the difficulty of separating the two Nearctic 
species on external adult characters after a 
thorough study of relatively long series of speci- 
mens, and considering our limited knowledge of 
Mexican representatives of the genus, it seems 
hazardous to assume their identity. 

I wish to express my appreciation and thanks 
to Ralph E. Crabill, Jr., Division of Insects, U. S. 
National Museum, for his identification of the 
spiders considered in this study, and to Garth H. 
Spitler, Agricultural Marketing Service, U. S. 
Department of Agriculture, Mesa, Arizona, for 
help in rearing Arizona specimens of A psectus. 
My thanks are also due J. Balfour-Browne, of 
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the British Museum, for the loan of some Mexican 
cotypes of A psectus. 
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ABSTRACT 


compared with 
In nature 


These larvae are described and 
first-stage larvae of several other genera. 
these species are most often associated with tree-hole- 
breeding Aedes, from which they are easily distinguished 
at this stage by the size and position of the egg burster. 


Within the past several years there has been 
an increasing emphasis upon the study of the 
first stage or instar of mosquito larvae. Relatively 
recent important papers in this connection include 
that of Dodge (1946), who pointed out generic 
and certain specific distinctions, and that of 
Bohart (1954), in which the first stage larvae of 
most California Aedes were described. 

In addition to the paper by Dodge (loc. cit), 
previous publications that have included observa- 
tions upon the first instar larvae of certain 
species of Orthopodomyia are those of Marshall 
(1938) and Wilkins and Breland (1951). These 
papers, however, do not make _ distinctions 
between species. Dodge states that the two 
species of Orthopodomyia available to him are 
separable, but he does not give any distinguishing 
features. 

It is well known that representatives of several 
genera of mosquitoes in the United States 
routinely breed in tree holes containing water. 
These include one or more species of Aedes, 
Anopheles, Haemagogus, Orthopodomyia and Tox- 


They differ from other culicines that have been studied 
by having terminal antennal hair 3 inserted on the outer 
dorsal surface of the antenna. Prominent branched head 
hairs in O. alba and the presence of a ‘‘wake’’ behind 
the egg burster in O. signifera distinguish these two 
species from one another. 


horynchiites. In the generic key to first-stage 
larvae of California mosquitoes (Bohart, 1954) 
Haemagogus and Toxhorynchites are not included, 
since members of these two genera are not known 
to occur in California. First-stage larvae of 
T. rutilis septentrionalis (D. & K.) seen by the 
writer, however, can be easily distinguished from 
the first instars of other genera studied by the 
absence of comb scales and by the completely 
sclerotized ninth abdominal segment; other genera 
have comb scales and an incompletely sclerotized 
ninth segment. If one eliminates Toxhorynchites 
by these features, both species of Orthopodomyia 
considered here can be easily identified to genus 
by the use of Bohart’s key. 

Haemagogus equinus Theobald has only recently 

'This investigation was supported by a research grant, 
E-1187 (C), from the Microbiological Institute of the 
National Institutes of Health, Public Health Service. 
Accepted for publication June 27, 1958. 

2Thanks are due to the following who assisted in the 
work herein described: John Riemann, Fred Klaus, 
Dr. James Long, and Dr. Orin Wilkins; and to Jane 
Hubby who made the drawings. 
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been reported from the United States, and to 
date this is the only species of the genus known 
to occur in this country. First-instar larvae of 
this species in the writer’s possession are identified 
as an Aedes by the use of the above key. Pre- 
liminary study indicates, however, that first-stage 
H. equinus can be distinguished from its usual 
associates, Aedes triseriatus (Say) and A. zoosophus 
D.& kK 


Fic. 1.—Heads and terminal antennal hairs of left 
antennae of first-instar mosquito larvae. A and B, 
Orthopodomyia alba Baker. C and D, Orthopodomyia 
signifera (Coquillett). ABBREVIATIONS: EB, egg burster; 
W, ‘‘wake”’ of egg burster. 


The Present Study.—For the past several years 
the writer and his associates have been conducting 
various investigations upon tree-hole-breeding 
mosquitoes. During these studies, first-instar 
larvae of most species that breed in tree holes in 
this area have been accumulated. However, 
more specimens of certain species must be 
obtained before a detailed analysis of all of them 
can be attempted. 


Annals of the Enton:ological Society of America 


[Vol. 52 


So far as known, the first-stage larvae of all 
species of mosquitoes can be distinguished from 
later instars by the presence of an egg burster or 
breaker (fig. 1, EB) and by the absence of a 
ventral brush on the ninth abdominal segment. 
The presence or absence of an egg burster can be 
determined even in living larvae by the use of a 
dissecting microscope using about 30x magnifica- 
tion. When specimens are examined in a small 
amount of water, the egg burster, if present, will 
appear as a darker spot near the center of the 
dorsal surface of the head. 

During the present study, tree-hole water was 
collected and brought into the laboratory for 
examination. If first-instar larvae were present, 
they were isolated according to type. Some 
larvae were mounted at several hour intervals 
and others were allowed to continue their develop- 
ment so that they could be identified with 
certainty. 

The techniques used for mounting larvae on 
permanent slides are modifications of those 
recommended by Bohart (loc. cit). The modifica- 
tions were largely developed by Mr. John 
Riemann, a graduate student working in the 
writer’s laboratory. Larvae are killed by drop- 
ping them in 95 percent alcohol and leaving them 
in this solution from 20 minutes to several hours. 
The specimens are then transferred to cellosolve 
for at least an hour; sometimes they are kept in 
cellosolve from several hours to overnight. Each 
larva is transferred to a microscope slide in a 
small drop of cellosolve, using a pipette. The 
terminal abdominal segments are separated from 
the remainder of the body while in the cellosolve, 
using fine needles, such as insect pins or minuten 
nadeln. After orienting the specimen, a Crop of 
thin diaphane, which mixes well with cellosolve, 
is added as the mounting medium. Round cover 
slips, number | thickness, are usually used rather 
than square ones. 

The following material was available for study. 
O. alba: 23 permanent slides from Austin, Texas; 
6 slides from Marble Falls, Burnett County, 
Texas. O. signifera: 42 slides from Austin, Texas. 
In addition, numerous living and preserved larvae 
were examined, mostly from the vicinity of 
Austin, Texas. 

Distinguishing Features —In most areas of the 
United States, species of Orthopodomyia are more 
often associated with species of Aedes than with 
other genera of tree-hole-breeding mosquitoes. 
Living first-instar larvae of either of the species 
of Orthopodomyia discussed here can be distin- 
guished from all the tree-hole species of Aedes 
seen by the writer by the size and position of the 
egg burster (fig. 3). (First-stage Aedes studied 
include A. zoosophosus D. and K., A. triseriatus 
(Say), and a member of the Aedes muelleri 
complex.) This can be accomplished by examin- 
ing the specimens in a small amount of water 
‘with a binocular microscope at about 30x; the 
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Fic. 2.—Terminal abdominal segments of first-instar mosquito larvae. A, Orthopodomyia alba Baker 
£ ; “nm . 
B, Orthopodomyia signifera (Coquillett 
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Fic. 3.—Sketch of heads of tree-hole-breeding first- 


instar mosquito larvae, 100X, showing generic dif- 
ferences. The same general relative size and shape of 
the egg bursters are evident at lower magnification, but 
details are obscure. A, Orthopodomyia. B, Aedes. 
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amount of water should be small enough so that 
the head of the specimen will lie flat on the bottom 
of the container. The egg burster region of the 
Aedes larvae examined is as large as or larger than 
the eyes, and most of the region is anterior to the 
level of the eyes. In Orthopodomyia the area of 
the egg breaker is smaller than the eves and is 
often between these structures. 

Dodge (1946) states that first-stage larvae of 
Orthopodomyia available to him appear as though 
the egg burster had been pushed forward leaving 
a wake behind it. This situation is quite evident 
in the writer’s specimens of O. signifera, both in 
living larvae and mounted specimens (fig. 1, C), 
although it becomes less evident in older slides. 
A very faint ‘“‘wake’’ has been observed in an 
occasional living specimen of O. alba, but there 
is no indication of this in mounted larvae. The 
heads of O. alba larvae are usually lighter in color 
than those of O. signifera, and this difference in 
pigmentation may account for the fact that the 
outline of the “wake” seldom shows up in the 
former species. 

The very definite “wake” in O. signifera 
(fig. 1, C) is often sufficient to distinguish living 
larvae of this species from those of O. alba. In 
addition, however, the branched head hairs of 
O. alba (fig. 1, A) are usually clearly evident with 
the binocular microscope. The head hairs of 
O. signifera are sirgle, and these as well as those 
of the terminal abdominal segments are often 
very difficult to see even using an oil immersion 
compound microscope. In fact, two of the latter 
hairs were never seen completely to the writer’s 
satisfaction, and as a consequence these are 
dotted in on the drawing. Other differences 
between the two species as indicated in the 
figures are easier to see on mounted specimens. 

Comparative Notes —A few comparisons between 
the first-instar larvae of these two Orthopodomyia 
and those of other genera that have been studied 
should be of some interest. 

Dodge (1946) has noted that the siphon is 
incompletely sclerotized in most genera upon 
hatching, but that in some cases, a region of 
secondary sclerotization develops during the 
first stage. This situation occurs in those species 
of Aedes that have been studied, and the two 
regions are usually distinguishable (Bohart, 1954). 
The writer was not able to determine the exact 
time of hatching of any of the larvae of O. alba 
and O. signifera that were studied, but specimens 
from the same group were preserved at different 
times after they were collected. No evidence of 
a secondary sclerotized region was observed in 
either of these species. In both cases the 
sclerotized region of the siphon becomes pro- 
gressively greater at each molt, and it is not 
complete until the fourth instar. 

The writer has examined first-instar larvae 
of one or more species of the following genera: 
Culex, Aedes, Psorophora, Haemagogus, Culiseta, 
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Toxhorynchites and Uranotaenia. In all speci- 
mens seen, except those of Toxhorynchites, the 
length of the siphon compared with the length 
of the anal or ninth segment is in approximately 
the same ratio as in the fourth instar of the same 
species; the siphon is usually noticeably longer 
than segment nine. The siphon of the first 
instar larvae of 7. rutilus septentrionalis D. and K. 
is considerably shorter than the tenth segment, 
but even in the fourth instar, the siphon of this 
species is only slightly longer than this segment. 


Both O. alba and O. signifera resemble T. r. 
septentrionalis with respect to siphon length 
rather than the situation in other genera seen 
by the writer. In the first instar the siphon is as 
short as or shorter than the anal segment; in 
the fourth instar, the siphon is 11% to 2 times the 
length of this segment. 

Bohart (loc. cit.) states that the terminal 
antennal hairs in the species of Aedes he has 
studied are quite different in the first stage 
compared with later stages. This is especially 
true of hairs 2 and 3. Upon hatching these hairs 
are long straight bristles. Hair 3 becomes quite 
short at the first molt, and although hair 2 
remains rather long, it becomes somewhat bent 
near the end. 

There are some differences in the first stage of 
O. signifera compared with the fourth instar, but 
these differences are not as great as those reported 
by Bohart for species of Aedes. In the first- 
instar larva of O. signifera, hair 5 extends farther 
distally than does hair 2, and hair 2 is somewhat 
shorter than hair 4 (fig. 1, D). In the fourth 
instar, hair 2 is approximately the same length 
as hair 4 and is longer than hair 5. 

The relative lengths of the terminal] antennal 


First Instar Larvae of Orthopodomyia 


141 


hairs are essentially the same in O. alba in both 
the first- (fig. 1, B) and fourth-stage larvae. 

A situation with respect to the insertion of 
terminal antennal hair 3 should be noted. This 
hair is inserted on the outer dorsal surface of the 
antenna in all stages of O. alba and O. signifera 
(fig. 1, B and D). This is also true for several 
fourth-instar larvae of each of the following 
species examined by the writer: O. californica 
Bohart, O. fascipes Coq., from the Canal Zone, 
and a member of the O. anopheloides complex 
labeled as being collected in China. 

The attachment of this hair on the outer dorsal 
surface of the antenna in culicines is unusual, 
since the insertion is in most cases ventral, or if 
dorsal, on the inner antennal surface. An outer 
dorsal insertion is not mentioned by Belkin (1950) 
in his paper revising the nomenclature for the 
chaetotaxy of mosquito larvae. It presumably 
does not occur in any of the species of Aedes 
studied by Bohart (1954), and this situation was 
not found in the larvae of several genera examined 
by the writer. The study of these terminal 
antennal hairs in other groups is continuing. 
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EIGHT NEW SPECIES OF ERIOPHYID MITES 


NORTON S. WILSON 
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ABSTRACT 


Aceria cynodonis, A. ambrosiae, A. chrysothamni, A. 
bowlesiae, A. brevisetacus, A. purshiae, Paraphytoptus 


One phase of an investigation on arthropod 
vectors of stone-fruit virus diseases consisted 
of surveys in and around orchards, with special 
attention to mites belonging to the family 
Eriophyidae. It was soon apparent that many 
of the species collected were undescribed, and 
as some of these had been, or would be, used in 
transmission tests, brief descriptions were made 
for reference purposes. 


artemisiae, and Eriophyes arida are described. These 
species were found in and around peach orchards in 
California. 


Some of these descriptions have now been 
expanded and the species named. The present 
article contains descriptions of eight new species 
of eriophyids falling in three genera. 

Type slides of these species are deposited in the 
U. S. National Museum collection. Paratype 
slides are at the Riverside, California, laboratory 
of the Entomology Research Division. 

In the preparation of drawings, use was made 
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of photomicrographs taken at different levels. 
All specimens were prepared and mounted by the 
method described by Keifer (1954). 


Aceria cynodonis, new species 
(Pl. 1, Fig. 1; Pl. II, Figs. 5-6) 


FEMALE.—170-211y wide, 40-52 thick, worm- 
like, color white. Rostrum 25yu long, curved 
down. Shield 36u long, 434 wide; central design 
obsolete, only one submedian line present, arising 
at posteroventral angle of shield and running 
anteriorly and dorsally to base of rostrum. 
Dorsal tubercles 264 apart, on rear margin; 
dorsal setae 18u long projecting backwards. 
Forelegs 29.54 long, tibia 7u long, tarsus 7 long, 
claw 7.5u long, tapering; featherclaw 7-rayed. 
Hindlegs 29u long, tibia 5.8u long, tarsus 7u long, 
claw 6u long. Fore coxae contiguous, no granula- 
tions. Abdomen with 59-63 rings; no ventral 
reduction in ring number. Tubercles more 
numerous in dorsal portion of rings, ratio dorso- 
ventrally about 2/1. Microtubercles small, 
minutely pointed. Lateral setae 29.54 long on 
ring 7. First ventral setae 33.8u long on ring 20; 
second ventral setae 9.54 long on ring 35; third 
ventral setae 194 long on ring 5 from the rear. 
Accessory setae present. Female genitalia 19y 
wide, 14.7 long. Coverflap with about 10 longi- 
tudinal ridges. Genital setae 17.6u long. Male 
not studied. 


Type locality: Moreno, California, Riverside 
County. 
Type 
(Gramineae), Bermuda grass. 
themselves for the most part to the folded terminal 


dactylon (L.) Pers. 
The mites confine 


host: Cynodon 


shoot, where they are very abundant. A twisting 
of the folded terminal shoot and a subsequent 
infolding and twisting of the expanded blade 
occurs on heavily infested plants. 

Type material: A type slide contains speci- 
mens collected Mav 10, 1954, by N. S. Wilson. 
Four paratype slides contain material from the 
same host and locality collected May 24, 1954, 
and one paratype slide from the same host and 
locality collected September 8, 1954, by N. S. 
Wilson. 

Several other species of grasses in the vicinity 
of the infested Bermuda grass were examined 
for this species, but no mites were found. 


Aceria ambrosiae, new species 
(Pl. I, Fig. 2; Pl. II, Figs. 7-8) 

FEMALE.—175-184y long, 40u wide, 43 thick, 
wormlike, color white. Rostrum 22y long, curved 
down. Shield 30u long, 3lu wide, the design 
consisting of well defined median and admedian 
lines meeting the rear shield margin, the second 
submedian line forked anteriorly, first and second 
submedian lines not extending to rear shield 
margin. Dorsal tubercles 234 apart, on rear 
shield margin; dorsal setae 15u long projecting 
backwards. Forelegs 28u long, tibia 3y long, 
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tarsus 7u long, claw Su long, featherclaw 4y long 
and 5-rayed. Hind legs 22u long, tibia 4y long, 
tarsus 6u long, claw Su long, featherclaw 4y long. 
Fore coxae contiguous, with longitudinal lines. 
Abdomen with about 56 rings dorsally, 62 
ventrally. Microtubercles with extremely minute 
spinules, number of tubercles. about equal in 
dorsal and ventral portions of rings. Lateral 
setae 19u long on ring 7. First ventral setae 17y 
long on ring 14; second ventral setae 4y long on 
ring 27; third ventral setae 14u long on ring 5 
from the rear. Accessory setae present. Female 
genitalia 9u wide, 8u long. Coverflap with about 
10 longitudinal lines. Genital setae 7u long. 
Males not observed. 

Type locality: Moreno, California, Riverside 
County. 

Type host: Ambrosia psilostachya DC. (Com- 
positae), western ragweed. The mites were 
found in buds, in leaf axils, and on young unfolding 
leaves among hairs. A stunting and twisting of 
young leaves was present when populations were 
high. 

Type material: A type slide contains speci- 
mens collected April 26, 1954, by N. S. Wilson. 

Two paratype slides contain material from the 
same host and locality, one collected September 
23, 1954, and the other September 29, 1954. 

This mite is distinguished from Aceria boycet 
(Keifer) by the presence of 5 instead of 4 rays in 
the featherclaw and by the different shield 
pattern. No bead galls were found on the 
infested plants. 


Aceria chrysothamni, new species 
(PI. I, Fig. 3; Pl. II, Figs. 9-10) 


FEMALE.—90-95y long, 224 wide, 28u thick, 
color yellowish white. Rostrum 17u long, curved 
down. Shield 19yu long, 224 wide, shield design 
with median line meeting rear shield margin but 
indistinct anteriorly, admedians distinct, two 
submedians, the distal one diverging from the 
proximal one anteriorly. Dorsal tubercles 8 to 9u 
apart, on rear shield margin; dorsal setae 22u long 
projecting backwards. Forelegs 22u long, tibia 
3u long, tarsus 3u long, claw 6yu long, featherclaw 
3u long with 3 rays. Hindlegs 20u long, tibia 
3u long, tarsus 3u long, claw 6yu long, featherclaw 
2.54 long with 3 rays. Fore coxae contiguous, no 
granulations. Abdomen with about 56. rings. 
Microtubercles with minute spinules, the number 
of tubercles about equal dorsally and ventrally. 
Lateral setae 10u long on ring 6. First ventral 
setae 27u long on ring 18; second ventral setae Su 
long on ring 32; third ventral setae lly long on 
ring 5 from the rear; accessory setae present. 
Female genitalia 174 wide, 10u long. Cover flap 
with about 11 longitudinal lines. Genital setae 
4u long. Males not observed. 

Type locality: Valyermo, Los Angeles County, 
California. 


Type host: Chrysothamnus sp. (Compositae), 
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, Aceria cynodonis n. sp. FiG. 2, A. ambrosiaen. sp. FiG. 3, A. chrysothamni n. sp. 
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Fic. 4, A. bowlesiae n. sp. 
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rabbit brush. The mites were found aniong the 
hairs on both leaf surfaces and in the leaf axils. 
No apparent damage was seen. Populations 
were sparse. 

Type material: A type slide contains speci- 
mens collected March 24, 1955, by N. S. Wilson. 

One paratype slide contains material collected 
at Wildhorse Valley east of Wrightwood, in San 
Bernardino County, California, October 3, 1956. 
The writer knows of no other species of Aceria 
on the Compositae having a three-rayed feather- 
claw 


Aceria bowlesiae, new species 
(Pl. I, Fig. 4; Pl. II, Figs. 11-12) 


170-237 long, 56u wide, 58u thick, 
wormlike, white in color. Rostrum 30y long, 
curved down. Shield 39u long, 40u wide, median 
line ending at rear shield margin in a dart-shaped 
mark, each admedian line bending sharply 
laterad in the posterior quarter of the shield to 
form an apex then converging again anteriorly, 
the first submedian line beginning at the admedian 
apex and curving medially and anteriorly to the 
front of the shield. Shield with numerous dash- 
like marks laterally. Dorsal tubercles 33u apart 
on rear shield margin; dorsal setae 34yu long, 
projecting backwards. Forelegs 50u long, tibia 
10u long, tarsus 9 long, claw Su long, featherclaw 
6.54 long with 5 rays. Hindlegs 45y long, tibia 
6.54 long, tarsus 7u long, claw 7u long, feather- 
claw 6u long. Fore coxae contiguous with longi- 
tudinal markings. Abdomen with about 76 
rings. Microtubercles with very minute spinules, 
number of tubercles about equal dorsally and 
ventrally. Lateral setae 34u long on ring 9. 
First ventral setae 55u long on ring 26; second 
ventral setae 16u long on ring 43; third ventral 
setae 264 long on ring 7 from rear. Accessory 
setae present. Female genitalia 264 wide, 20u 
long. Cover flap with about 14 longitudinal 
furrows. Genital setae 134 long. Males not 
observed. 

Type locality: 
California. 

Type host: 
liferae). 

The mites were first discovered by O. F. Clarke, 
who observed that they produced a twisting and 
cupping of young leaves. 

Type material: a type slide contains specimens 
collected March 13, 1956, by Oscar F. Clarke. 
Four paratype slides contain material collected 
March 19, 1957, by N. S. Wilson. 

The relationship of these mites to their host 
plants is very interesting as the plants are delicate 
annuals which die and completely wither by 
early summer in southern California. It is not 
known how the mites persist to the following 
spring. Associated plants were examined, but 
no mites were found. 


FEMALE. 


Riverside, Riverside County, 


Bowlesia lobata R. & P. (Umbel- 
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Aceria brevisetaca, new species 
(Pl. III, Fig. 13; Pl. IV, Figs. 17-18) 

FEMALE.—122-148yu long, 35u wide, 20u thick, 
color yellowish white. Rostrum 20u long, curved 
down. Shield 17.5u long, 28u wide, shield design 
consisting of series of poorly defined ridged lines, 
median line indistinct. Dorsal tubercles 18u 
apart, on rear shield margin; dorsal setae Su long, 
projecting backwards. Forelegs 20u long, tibia 
3u long, tarsus 3.5u long, claw 6yu long, featherclaw 
3u long, 4 rayed. Hindlegs 23y long, tibia 2.5y 
long, tarsus 3u long, claw 7yu long, featherclaw 
4-rayed. Forecoxae contiguous, no markings. 
Abdomen with 50 rings. No tubercles present. 
Lateral setae 4.5u long on ring 5. First ventral 
setae 4.54 long on ring 14; second ventral setae 2u 
long on ring 25; third ventral setae 10u long on 
ring 7 from rear. Accessory setae present. 
Female genitalia 94 wide, 134 long. Coverflap 
without furrows. Genital setae 1.5yu long. 

Type locality: Wild Horse Valley, east of 
Wrightwood, San Bernardino County, California. 

Type host: Purshia glandulosa Curran (Rosa- 
ceae), antelope brush. The mites were found 
occasionally in bud galls presumably made by 
Aceria purshiae n. sp., described in this paper. 
Only occasional specimens could be found. 

Type material: A type slide contains speci- 
mens collected October 3, 1956, by N.S. Wilson. 
Three paratype slides bear the same data. 

This mite is distinguished by its very short 
setae and the absence of microtubercles. 


Aceria purshiae, new species 
(Pl. III, Fig. 14; Pl. IV, Figs. 19-20) 


FEMALE.—115-158y long, 30u wide, 31y thick, 
wormlike, color yellowish white. Rostrum 20y 
long, curved down. Shield 16.5y long, 11u wide. 
Shield design: median line indistinct, admedian 
lines meeting the rear shield margin and converg- 
ing anteriorly toward the midline. First sub- 
median line running parallel to anterior portions 
of admedian lines, second submedian lines bending 
centrad past the posterior end of the first sub- 
medians. Other submedian lines laterally often 
quite indistinct. Due to the shield curvature 
it was very difficult to obtain mounts showing 
the shield design at all distinctly. Dorsal tubercles 
174 apart on rear shield margin; dorsal setae 10u 
long projecting backwards. Forelegs 22 long, 
tibia 3.2u long, tarsus 3u long, claw 5.5 long, 
featherclaw 5-rayed. Forecoxae contiguous, no 
granulations. Abdomen with 65 rings, completely 
tuberculate, the tubercles without  spinules. 
Lateral setae 17.54 long on ring 7. First ventral 
setae 16u long on ring 18; second ventral setae 
4.5u long on ring 31; third ventral setae 20u long 
on 7th ring from rear. Accessory setae present. 
Female genitalia 15u wide, 10u long. Cover flap 
with about 10 longitudinal furrows. Genital 
setae 3u long. Males not observed. 
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Figs. 9-10 Figs. 11-12 
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Photomicrographs of integument. Fics. 5-6, Aceria cynodonis n. sp. FiGs. 7-8, A. ambrosiae n. sp. 
Fics. 9-10, A. chrysothamnin. sp. Fics. 11-12, A. bowlesiae n. sp. 


EXPLANATION OF PLATE SYMBOLS 
AP—Apodome and part of female internal genitalia; DA—Dorsal view of anterior section or shield; F 
Featherclaw; GF—Female genitalia, ventral view, coxae from below; S—Side view of adult mite; SA—Side 
view of anterior section of mite. 
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Fic. 13, Aceria brevisetaca n. sp. FiG. 14, A. purshiaen. sp. Fic. 15, Paraphytoptus artemisiae n. sp. 
Fic. 16, Eriophyes arida n. sp. 
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Figs. 17-18 Figs. 19-20 


Figs. 24-25 


Figs. 21-23 10 p 
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Photomicrographs of integument. Fics. 17-18, Aceria brevisetaca n. sp. Fics. 19-20, A. purshiae n. sp. 
Fics. 21-23, Paraphytoptus artemisiae n. sp. FiGs. 24-25, Eriophyes arida n. sp 
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Type locality: Wild Horse Valley, east of 
Wrightwood, San Bernardino County, California. 

Type host: Purshia glandulosa Curran (Rosa- 
ceae), antelope brush. The mites were found in 
bud galls. The mites apparently feed on the 
rudimentary leaves within a bud and when a 
sufficiently high mite population is reached, the 
leaves are prevented from normal development 
and are stimulated to produce numerous parenchy- 
matous cells and hairs, thus becoming fleshy 
growths. This in turn causes the entire bud to 
assume an abnormal globular shape. The bud’s 
exterior is covered with white hairs. These buds 
never recover a normal growth habit and eventu- 
ally the majority die. It was not experimentally 
determined whether these mites could produce 
this type of gall but this was the only species of 
arthropod consistently present in large nunibers 
in over 200 galls examined. Two other species 
of eriophyids were occasionally found in the galls 
but never in any numbers. Plate V, figs. 26-30, 
shows the anatomy of bud galls as compared with 
normal buds. 

Type material: A type slide contains speci- 
mens collected October 3, 1956, by N.S. Wilson. 
Six paratype slides bear the same data. 


Paraphytoptus artemisiae, new species 
(P1. III, Fig. 15; Pl. IV, Figs. 21-23) 


FEMALE.—98-105u long, 364 wide, 374 thick, 
wormlike, color yellowish. Rostrum 19, long, 
curved down. Shield 19u long, 21 wide, shield 
design with median and admedian lines distinct 
and meeting rear shield margin. Variable number 
of broken or indistinct lines laterally. Dorsal 
tubercles 174 apart, on rear shield margin; dorsal 
setae 29u long, projecting backwards. Forelegs 
22u long, tibia 4u long, tarsus 5yu long, claw 7u 
long. Hindlegs 18u long, tibia 3u long, tarsus 
4.5u long, claw 7.54 long, featherclaw 4.5u long, 
4-rayed. Forecoxae contiguous, plain. Abdomen 
with about 52 rings dorsally, 56 rings ventrally, 
the rear quarter of the abdomen with tergites 
broader than sternites. Completely microtuber- 
culate, the microtubercles having barely discern- 
ible points. Lateral setae 10u long on ring 8. 
First ventral setae 294 long on ring 17; second 
ventral setae 5—Gu long on ring 32; third ventral 
setae 13u long on Sth ring from the rear. 
Accessory setae present. Female genitalia Su 
long, 94 wide. Coverflap with about 9 longi- 
tudinal furrows. Genital setae 9u long. Males 
not seen. 

Type locality: Wild Horse Valley, near 
Wrightwood, San Bernardino County, California. 

Type host: Artemisia tridentata Nutt. (Com- 
positae), sagebrush. The mites were found 
among the hairs of both leaf surfaces and in leaf 
axils. No damage was noted. 

Type material: A type slide contains speci- 
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mens collected October 3, 1956, by N. S. Wilson. 
One paratype slide bears the above data and 
another contains material collected October 17, 
1956, near Pala in San Diego County, California. 

This mite is distinguished from P. californicus 
(Hall) and P. inaequalis Keifer on Artemisia by 
its small size and by the 4-rayed featherclaw. 


Eriophyes arida, new species 
(Pl. III, Fig. 16; Pl. IV, Figs. 24-25) 

FEMALE.—100-200u long, 33u wide, 36u thick, 
wormlike, color yellowish white. Rostrum 9 
long, curved down. Shield 10y long, 9.54 wide, 
shield design with median and admedian lines 
well defined, meeting rear shield margin. Ad- 
median lines bend proximally, then gradually 
converge anteriorly. Lateral granulations. Dorsal 
tubercles 7.54 apart, on rear shield margin; dorsal 
setae 3u long, projecting forward. Forelegs 23u 
long, tibia 4.54 long, tarsus 5.5y long, claw 6y 
long. Hindlegs 25 long, tibia 4.54 long, tarsus 
4.0u long, claw 9 long, featherclaw 4-rayed. 
Forecoxae contiguous. Abdomen with about 57 
rings, completely microtuberculate. _Microtuber- 
cles without spinules. 

Lateral setae 20u long on ring 6. First ventral 
setae 32u long on ring 18. Second ventral setae 
7u long on ring 31. Third ventral setae 10u long 
on 6th ring from the rear. Accessory setae 
present. Female genitalia 174 wide, 7.5y long. 
Cover flap with about 11 longitudinal furrows. 
Genital setae 3u long. Males not seen. 

Type locality: near Cajon Junction, 
Bernardino County, California. 

Type host: Purshia glandulosa Curran (Rosa- 
ceae). The mites were found in leaf axils, in 
normal appearing buds, and in some localities 
occasionally in bud galls presumably produced by 
Aceria purshiae n. sp. No damage was noted. 

Type material: A type slide contains speci- 
mens collected September 15, 1955, by N. S. 
Wilson. 

One paratype slide bears the above data and 
two paratype slides contain material collected 
from the same host near Wrightwood, San 
Bernardino County, on October 3, 1956. 

This species seems to be very close to three 
other species of this genus on other rosaceous 
plants, but possesses much shorter dorsal setae. 


San 
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Normal bud and bud gall of Purshia glandulosa Curran 
(Rosaceae). FiGs. 26-27, photomicrographs at low and 
high magnifications of sections of normal bud. FiGs. 
28-29, Sections of bud gall produced by Aceria purshiae 
n. sp. showing proliferation of parenchyma cells and tan- 
nin-like cell inclusions. Fic. 30, Branch of P. glandulosa 
with bud gall. 
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A REVIEW OF THE GENUS RHYSOGASTER ALDRICH, WITH DESCRIPTIONS 
OF NEW GENERA AND NEW SPECIES OF ORIENTAL, ETHIOPIAN 
AND AUSTRALIAN ACROCERIDAE (DIPTERA)! 
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ABSTRACT 


Four species are keyed in the Oriental genus Rhyso- 
gaster, including R. panayensis (Philippines), R. indica 
(northern India), the genotype R. implicata Aldrich, and 
R. orientalis (Frey) (Astomella o. Frey); a third new 
species is noted from northern Borneo but is not de- 
scribed. Astomella acuta (Tang: unyika) and A. oldroydi 
(Indochina) bring the species in this genus to seven, four 


of which are Palearctic. ASTOMELLOIDES, type 


While preparing a revision of the family 
Acroceridae, several new genera and many new 
species have been examined from nearly every 
part of the world. The size and scope of this 
contemplated revision precludes the addition of 
the many new forms, and thus a series of regional 
or generic papers on these flies have been, or are 
being, prepared as a prerequisite to this revision. 
Two articles containing descriptions of some of 
these new forms have already been published 
(Schlinger 1953, 1956), and a revision of the 
largest acrocerid genus, the cosmopolitan Ogcodes 
Latreille, is now in press (Schlinger 1959). 

This paper deals with two new species of Rhyso- 
gaster Aldrich, a new species of A stomella Lamarck, 
a new species of Cyrtus Latreille, and a new genus 
from the Oriental region; a new species of 
Astomella from central Africa, and a new genus 
and new species from New Guinea. All illus- 
trations of these forms are original and were 
prepared by the author. 


Astomella-LIKE GENERA 


Included in this group of related genera of the 
subfamily Panopinae are Astomella Lamarck, 
Astomelloides new genus, Corononcodes Speiser, 
Physegastrella Brunetti, Rhysogaster Aldrich, and 
possibly Pterodontia® Gray. All but the last of 
these genera are quite closely related. Astomella 
has a Palearctic-Ethiopian-Oriental distribution, 
Corononcodes has a limited Palearctic-Ethiopian 
range, Physegastrella is an Ethiopian endemic, 
Astomelloides is an Indian endemic, and Rhyso- 
gaster is a widespread Oriental endemic, being 
known from India, Borneo, and the Philippine 
Islands. 


Genus Rhysogaster Aldrich 
Rhysogaster Aldrich, 1927, Proc. U. S. Natl. 


72: 3. 


i 


Mus. 
Aldrich, 


Type species: Rhysogaster implicata 
by original designation. 
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and NEOPANOPS, type JN: 
boharti (New Guinea), are new genera; Cyrtus kashmirensis 
(northern India) is also described. Other nomenclatural 
changes are [Psilodera| aurata (Brunetti) (Lasia a. Brun.), 
|Psilodera?| orbifer (Walker) (Cyrtus o. Walk.), and 
Pterodontia kashmirensis Lichtwardt 1909 (=P. dor- 
solineata Brunetti 1912). 


Pialea auripila Brunetti, 


Large flies (12-13 mm.), black or brown with 
orange or yellow markings. Head large, in front 
view nearly oval (fig. 4), in profile from 11% to 2 
times higher than long (fig. 7); eyes pilose, 
occupying anterior three-fourths of head capsule; 
ocellar tubercle minute, ocelli indistinct or lateral 
one distinct; antenna 3-segmented, inserted under 
slightly produced tubercle, segments I and II 
short with short hairs, III bare, of various shapes, 
laterally compressed, its length at least one-fourth 
head height; eyes indistinctly separated above, 
but distinctly separated below antennae for short 
distance to oral area; proboscis and maxillary 
palpus present, both with long hairs, the tormer 
extending up to one-third head height, the latter 
short, either one- or two-jointed, neither heavily 
sclerotized; occiput narrow, particularly pilose 
above. Legs rather strongly built, only femora 
swollen; tibia I with two strong distal spurs 
(fig. 9), outer one longer, more acute and curving 
backward, tibiae II and III with inner (posterior) 
spur much reduced but distinct; tibia III a little 
longer than tarsus III, tibia I about one-third 
shorter than tarsus I, all tarsi about equally 
developed. Wing venation as in figs. 18-19; 
first posterior (upper discal) cell longer than discal 
cell, sometimes acutely pointed and appendiculate 
near wing margin; fourth posterior cell closed, 
vein Ry simple, subcosta normal and not inserted 
on R, above first basal cell as shown by Aldrich 

(1927, fig. 2, apparently in error). Abdomen 
tapering only from segment IV or V to apex, 
not well raised, with six tergites and seven 
sternites visible, genitalia produced downward or 
at least not posterior in male (fig. 3); genitalia 


‘Accepted for publication July 10, 1958. 

2Assistant Entomologist. 

‘There is considerable doubt as to the correct place- 
ment of this genus, due to its wide array of morphological 
characters. Most authors have placed Pterodontia in 
the subfamily Acrocerinae (=Cyrtinae), but I prefer to 
put it in the subfamily Panopinae as a highly evolved 
member of a primitive stock. 





1959] Schlinger: 


placed anteroventral in female as in other 


Astomella-like genera (see fig. 2). 


Distribution and Phylogeny.—This genus now 
contains four described species, one from India 
and three from the Philippine Islands. A fifth 
species is noted below from northern Borneo but 
cannot be described at present. Aside from one 
other species (Ogcodes n. sp., Schlinger 1958), 
Rhysogaster is the only acrocerid genus known to 
the author from the Philippine Islands. 


Rhysogaster is closely related to Astomelloides, 
Physegastrella and Astomella. It differs from 
Physegastrella mainly in having pilose eyes, from 
Astomelloides mainly by wing venation (compare 
figs. 12, 18-19), and from Astomella mainly by the 
presence of a proboscis and maxillary palpus and 
head shape (compare figs. 7-8). 

Biology unknown, but presumed to be internal 
spider parasites as are all other known species of 
Acroceridae. 

Observations.—To the only recorded species of 
Rhysogaster can now be added Astomella orientalis 
Frey and two new species, panayensis and indica. 
This generic name is a construction of feminine 
gender, as are all which end in -gaster. 


KEY TO SPECIES OF RHYSOGASTER ALDRICH 


1. Tibiae black...... 2 eae 
Tibiae yellow or brown, at most tinged with black. 3 
2. Tergiie I black, humerus reddish yellow; 4th pos- 
terior cell closed but not appendiculate........ 
orientalis (Frey) 
Tergite I brownish yellow, humerus yellow; 4th 
posterior cell closed and appendiculate (fig. 18) .. 
indica Schlinger, n. sp. 
Wing with first posterior (upper discal) cell pointed 
and appendiculate at apex, extending beyond 
basal stub of vein Ry about one-third length of 
first posterior cell; anal cell one-third longer than 
second basal cell (fig. 19) a 
panayensis Schlinger, n. sp. 
Wing with first posterior cell hardly pointed but 
appendiculate at apex, not extending beyond 
basal stub of vein Rj; anal cell not much longer 
than second basal cell. ..........implicata Aldrich 


Rhysogaster implicata Aldrich 
Rhysogaster implicata Aldrich, 1927, U. S. 

72: 3-4, figs. 1-2. 

I have not seen this species. Apparently 
the only known specimen is the holotype female 
from Pena Blanca, Cagayan, Luzon, Philippine 
Islands (R. C. McGregor). The type is in the 
U.S. National Museum. 


Natl. Mus. 


Rhysogaster orientalis (Frey), new combination 
Astomella orientalis Frey, 1926, Notulae Ent. 6: 78. 


Although I have not seen any specimen of this 
species, there seems little doubt that it belongs to 
Rhysogaster rather than A stomella, judging by the 
original description. Apparently the only known 
specimen is the holotype male from Sangao, 
Philippine Islands, January 30, 1915. 


Review of the Genus Rhysogaster Aldrich 
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Rhysogaster indica Schlinger, new species 
(Figures 3, 4, 7, 9, 18) 


MaLE—Length of entire specimen 12.0 mm.; 
wing length 8.5 mm. Color black, brown and 
yellow; black except the following: Terminal 
antennal segment light brown, ventrobasal area 
dark brown; humerus, spot just behind it on 
mesonotum, postalar callus, proepisternum, fore- 
and mid-coxae, ventral surface of femora, knees, 
tegula, halter, narrow posterior sternal margins 
I-VI, tergite I, posterior one-fourth of II-IV, 
brownish yellow; dark brown are pleurae, hind 
coxae, dorsal surface of middle and hind femora, 
Ssquama, wing veins, basal three-fourths to five- 
sixths of sternites I-VI, sternite VII, and genital 
claspers. Pile dense reddish brown on eyes, 
about as long as antennal segments I and II, 
longer around ocellar tubercle; thick and shaggy 
yellowish white on most of thorax, coxae, pro- 
boscis, and tergite I, about as long as antennal 
segment III, that on tergite I and mesonotum 
intermixed with some dark brown pile; white on 
sternum, short medially, longer laterally; that on 
legs and tergites mostly concolorous with ground 
color, longer laterad on all tergites and on middle 
of tergite III, otherwise quite short on III and IV; 
that on dorsum of squama dense yellowish white, 
about same length as that on lower part of head. 

Head (figs. 4, 7) slightly more than twice as 
high as long in profile; ocellar tubercle incon- 
spicuous, but lateral ocellus present; eyes occupy 
anterior three-fourths of head capsule in profile; 
occiput extremely narrow, not swollen; antennal 
tubercle shining, apilose, minute, barely extending 
beyond base of antennal segment I; antennal 
segments I and II short, covered with short, stiff 
hairs; antennal segment III apilose, its length 
about equal to one-half eye width, thin, but 
thicker basally; eyes separated between antennae 
and mouth area by width of antennal socket; 
mouth region consists of sclerotized cone-shaped 
tubercle directed posteriorly, a proboscis with a 
distal fleshy lobe, a basal, partially sclerotized 
platelet, and the cylindrical maxillary palpi 
inserted behind the platelet; proboscis is about 
one-half the length of proepisternum. 


Thorax with humerus swollen, nearly touching 
occiput; fore coxal cavity not well developed, inner 
margin of coxa nearly straight, proepisternum 
rather concave below; legs strong, but not robust; 
fore femur longer than fore tibia; hind femur 
shorter than hind tibia and slightly downcurved 
near distal margin; fore tibia with wide ‘U”’- 
shaped, distal spurs, the inner spur slightly 
shorter; scutellum nearly twice as wide as long 
(partially damaged); wing slightly browned, 
venation as in fig. 18; squama semitransparent, 
lightly browned. 

Abdomen (fig. 3) widest at middle of tergite II, 
gradually tapering to rather broad apex; genitalia, 
inserted under tergite V (actually VI, but the 
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latter is not visible under V), does not extend 
beyond tip of abdomen, ventral, although not so 
ventral as in panayensis n. sp.; spiracles free in 
intersegmental membrane from II-V; genitalia 
large, aedeagus long and narrow, its tip quite 
small, but with distinct subapical notch. 

FEMALE—Unknown. 

Holotype male—Northern India, Henry Edwards 
Collection, No. 802 [AMNH]. The type is in 
excellent condition, except for a missing right 
hind leg and all tarsi except that on right fore leg 

This species has no known close relative, sak 
is the only described species of the genus from 
India. Judging from its wing venation, it is 
more closely related to implicata Aldrich than to 
other known species. 


Rhysogaster panayensis Schlinger, new species 
(Figure 19) 


MALE—Length of specimen 12.0 mm.; wing 
length 8.0 mm. Color brown, yellow, and black; 
brownish-yellow except as follows: Dark brown 
are antennal segments I—II and ventrobasal part 
of III, mesonotum, large spot on upper meso- 
pleuron, inferior pleural tergite, meropleura, spot 
on sternopleura, all tarsi, wing veins, knob of 
halter, squamal rim, basal three-fourths of 
sternites, broad basal bands on tergites II-IV, 
narrow ones on tergites V-VI, and most of visible 
genitalia; head black. Pile golden yellow, about 
the length of tarsal claw, except reddish-brown 
and shorter on eyes, dark brown on anterior 
median three-fourths of tergite III, and most of 
tergites IV-VI, somewhat longer on mesonotum. 

Head about 11% times higher than long in 
profile; ocellar tubercle small, lateral ocellus 
present, minute; occiput narrow, swollen only 
along temporal angle; eyes occupy anterior three- 
fourths of head capsule in profile; antennal 
tubercle shining, apilose, extending nearly to 
apex of antennal segment I; antennal segments I 
and II short, covered with short, stiff hairs; 
antennal segment III apilose, its length about 
one-half head height, laterally compressed, abrupt- 
ly expanded near outer base, then tapering to 
rounded point at apex; eyes separated only below 


EXPLANATION OF 


Fic. 1. 
Fic. 2. 
Fic. 3. 
Fic, 4 


A stomelloides auripila (Brunetti). 
A stomella acuta Schlinger. 
Rhysogaster indica Schlinger. 
Rhysogaster indica Schlinger. 

Fic. 5.—A stomella hispaniae Lamarck. 

Fic. 6.—Astomelloides auripila (Brunetti). 
Holotype male. 

Fic. 7.—Rhysogaster indica Schlinger. 

Fic. 8.—Astomella acuta Schlinger. 
angle of humerus. Holotype female. 

Fic. 9.—Rhysogaster indica Schlinger. 
Holotype male. 

Fics. 10-11.—Cyrtus kashmirensis Schlinger. 
enlarged. Fic. 11.—Lateral view of head. 
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Lateral view of abdomen. 
Ventral view of abdomen. 
Lateral view of abdomen. 
Anterior view of head and thorax. 
Lateral view of abdomen. 
Lateral view of fore-tibia and tarsus showing tibial spur-' 


Lateral view of head and prothorax. 
Lateral view of head and prothorax showing acute dorsoanterior 


10.—Lateral 
Holotype female. 


Fic. 
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antennae by width of antennal socket; oral area 
partly concealed (due to condition of specimen), 
but proboscis and maxillary palpus present. 

Thorax with fore coxal cavity not enlarged, 
only apex of proepisternum concave; legs strong, 
fore femur longer than fore tibia, hind femur 
shorter than hind tibia, the latter straight; fore 
tibia with wide ‘“‘U”’-shaped distal spurs, the inner 
one shorter; scutellum nearly twice as wide as 
long, slightly indented medially on posterior 
margin; wing nearly hyaline, faintly browned, 
venation as in fig. 19; squama semitransparent, 
faintly browned. 

Abdomen nearly as in Astomella hispaniae (fig. 
5), tergites II-IV of equal width; tergite I does 
not reach dorsal median line above, but rather 
curves under behind metanotum so that only 
membrane is present above; genitalia inserted 
under tergite VI and ventral in position; genitalia 
are similar to indica. 

FEMALE—Unknown. 

Holotype male—Culasi, Panay, 
Islands, June 1918 (McGregor) [CAS]. 
is in perfect condition. 

This species is apparently not closely related 
to any known species, and can be easily separated 
from them by the characters given in the key to 
species above. 


Philippine 
The type 


Rhysogaster species 

One male specimen from Mt. 
Kamborangah, British North Borneo, elev. 7,000 
t., March 31, 1929 (H. M. Pendlebury, USNM) 
has been examined and found to be a new species, 
but due to the absence of wings and parts of its 
legs, it cannot be described at present. This is 
the first record of Rhysogaster from Borneo, and 
this species has features transitional between 
species of India and the Philippine Islands, yet 
differs from all known species in the large size 
and structure of its antennae. 


Kinabalu, 


Genus Astomella Lamarck 
Astomella Lamarck, 1816, Hist. Nat. Anim. 
3: 415. 
Type species: 
monotypic. 


sans Vert. 


Astomella hispaniae Lamarck, 


PLATE I 
Holotype male. 
Holotype female. 

Holotype male. 
Holotype male. 
Specimen from Amanus, 


Turkey. Male. 


Holotype male. 


Lateral view of fore-tibia and tarsus showing two tibial spurs. 


view of antenna and ocellar tubercle 
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Until quite recently (Schlinger 1956) this genus 
was thought to be one of only Palearctic distri- 
bution, with species known from southern Europe 
and North Africa. Of the 15 specific names 
previously applied to the Palearctic species, only 
4, as given by Sack (1936), seem to be valid. 
These are: cretensis Sack, gravis Erichson, 
hispaniae Lamarck, and maculata (Macquart). 
Schlinger (1956) provisionally transferred the 
Indian Pialea jardinei Brunetti to Astomella, and 
the addition of two new species from Central 
Africa and Indochina now gives Astomella seven 
species. Besides the two new species, specimens 
of gravis and hispaniae have been examined. 


Astomella acuta Schlinger, new species 
(Figures 2, 8, 16) 


Length of entire specimen 12.0 mm., 
wing length 8.0 mm. Color black, brown, and 
white. Black except as follows: Terminal 
antennal segment, tegula and halter stem, light 
brown; mid- and hind-coxae and trochanters, 
proepisternum, upper part of posterior meso- 
pleura, humerus, postalar callus, scutellum, large 
anterior corners of mesonotum (the black mark- 
ings actually forming a large median and shorter 
lateral stripes), most of sternites I-IV, tergite II 
except small basal triangle, tergite III except 
broader basal triangle, and tergite IV along 
posterior one-third, white; wing veins mostly dark 
brown. Pile golden yellow and dense on thorax 
where it occurs, about as long as hind distitarsus; 
yellowish-white on eyes, occiput, coxae, femora, 
upper surface of squama, and sternites, about as 
long as tarsal claw, that on eyes and occiput 
quite sparse; black, minute, more setate than 
pilose on middle and hind tarsi and hind tibia, 
also some on middle and fore tibiae and fore 
tarsus; pile on tergites concolorous with ground 
color, a little longer and more erect on middle 
of tergites I and II and on most of other tergites. 
Wing with strong setae on costa and vein R,, that 
on base of R; quite long, nearly pilose. 

Head (fig. 8) a little higher than long in profile; 
ocellar tubercle well developed, hollowed out in 
middle, its height about equal to length of tarsal 
claw, no visible ocelli; occiput swollen, eyes 
occupy anterior one-half of head capsule in profile; 
antennal tubercle developed, reaching out above 
and beyond antennal segment I; antennal seg- 
ments I and II short, I slightly longer than IJ, 


FEMALE 
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both covered with short, stiff hairs, segment III 
about one-half as long as head height, with several 
basal hairs along dorsal surface; eyes separated 
below antennae by distance less than width of 
antennal socket; no proboscis or maxillary palpus 
evident. 

Thorax with enlarged fore coxal cavity; legs 
well built, all femora and tarsi longer than 
corresponding tibiae, hind tarsus noticeably 
thicker than the others, distal tibial spur strong 
on each leg; humerus with acute projection on 
inner dorsal margin (fig. 8); scutellum about twice 
as wide as long; wing hyaline, venation (fig. 16) 
similar to A. hispaniae; squama semi-opaque, 
white, with pile more dense along anterior margin. 

Abdomen as in other Astomella species, 1.e., 
with caudal tergites becoming ventral, thus 
crowding sternites anteriorly; genitalia antero- 
ventral (fig 2). 

MaALeE—Unknown. 

Holotype female—Old Shinyanga, Tanganyika, 
Africa, taken at 10:00 a.m. in house, April 26, 
1953 (E. Burtt), no. 13264. The type will be 
returned to the Commonwealth Institute of 
Entomology for ultimate deposit in the British 
Museum Collection. The specimen is in good 
condition except for the missing half of the right 
wing and apical portion of the left wing. 

This is the first record of Astomella for central 
Africa, and though in certain respects this species 
resembles Stenopialea beckeri Speiser, there seems 
little doubt from its wing venation, pilose eyes, 
absence of proboscis, and other general features 
that it belongs in A stomella. 


Astomella oldroydi Schlinger, new species 
(Figure 14) 


FEMALE—Length of entire specimen 13.0 mm., 
wing length 13.0 mm. Color brown, yellow and 
black. Light brown except: eyes, antennal 
segments I and II, spots on sternopleura, most of 
tibiae, tarsi, tarsal claws and part of genitalia, 
black; occiput grayish black; antennal segment 
III, large spot on mesopleura, hypopleura, squamal 
rim, halter knob, wing veins, apical one-third of 
femora, parts of tibiae, lateral margin of tergite I, 
fascia on apical one-fifth of tergite II, tergites 
III-VII, spiracles, cerci and apical margin of 
sternites, dark brown; basai four-fifths of tergite 
II, and apical margin of anterior sternites, yellow, 
wing lightly infuscated. Pile short, concolorous 


EXPLANATION OF PLATE II 
Wings of Acrocerid Species 


. 12.—A stomelloides auripila (Brunetti). 
. 13.—Neopanops boharti Schlinger. 
. 14.—Astomella oldroydi Schlinger. 
. 15.—Panops baudini Lamarck. 
}.—A stomella acuta Schlinger. 
. 17.—Cyrtus kashmirensis Schlinger. 
. 18.—Rhysogaster indica Schlinger. 
. 19.—Rhysogaster panayensis Schlinger. 


Holotype male. 
Holotype male. 
Holotype female. 
Specimen from Sydney, Australia. 
Holotype female. 
Holotype female. 
Holotype male. 
Holotype male 


Male. 
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with ground color; that on eyes and abdomen 
shorter than tarsal claw; that on thorax very 
dense, with golden tinge, about as long as tarsal 
claw; a definite black clump of pile on each side of 
ocellar tubercle. 

Head little higher than long in profile; ocellar 
tubercle not prominent, ocelli not visible; occiput 
swollen, eyes occupy anterior two-thirds of head 
capsule; antennal tubercle not well developed, 
flush with eyes; antennal segment I short, round, 
II short, somewhat pointed apically, both seg- 
ments covered with short, stiff hairs; segment III 
about as long as coxae I, pointed apically, basal 
anterior surface with several hairs; proboscial 
plate evident, proboscis a minute fleshy lobe with 
several short setae on apex. 

Thorax with enlarged fore-coxal cavity, legs 
well built, particularly hind pair; all femora and 
tarsi (hind pair broken off) longer than corre- 
sponding tibiae; tibial spur present, but not as 
prominent as in fig. 6; humerus not pointed, but 
mesopleura quite raised and nearly pointed; 
scutellum about 11% times wider than long; 
wing infuscated, venation strong as in fig. 14, 
first basal cell very long, discal cell broad; squama 
hyaline, but somewhat infuscated 

Abdomen with tergites V-VII ventral as in 
other A stomella species, venter nearly as in fig. 2, 
with genitalia placed under tergite IT. 

MALE—Unknown. 

Holotype female: 
Indochina, August 
BMNH). 

The holotype is in good condition except for 
the right wing and squama and hind tarsi, which 
are missing. A. oldroydi is not closely related to 
any known species, but such characteristics as 
color, wing venation and antennal structure will 
easily distinguish it from the known species. 

This species is named for Dr. H. Oldroyd of the 
British Museum, who has been most helpful in 
comparing type specimens and loaning material 
to the author. 


Hoa Binh, Tonkin, French 
1918 (R. V. de Salvaza, 


Genus Astomelloides Schlinger, new genus 
Pialea, Brunetti, 1912, Rec. Ind. Mus. 7: 472-475, and 

1920, Fauna Brit. Ind. 1: 161-163, in part (not Erichson 

1840). 

Type species: Pialea auripila Brunetti, by 
present designation. 

Male, similar to Rhysogaster and Astomella. 
Head in profile nearly twice as high as long, its 
height about equal to length of hind tibia; eyes 
occupying anterior three-fourths of head capsule; 
in front view head nearly oval, more oblong above; 
ocellar tubercle present but short, ocelli indistinct 
but ocellar pits present; antenna 3-segmented, 
inserted under sharply pointed tubercle on lower 
but most anterior part of head; segments I and II 
short, closely appressed (I to I and II to II), 
with dense, short, stout hairs, segment III bare, 
extremely compressed laterally, about one-fourth 
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as broad as long, sensorial pits present along inner 
ventral median one-half; eyes indistinctly sepa- 
rated above, distinctly separated below antennae 
to mouth region; proboscis and maxillary palpus 
present, both with long hairs, former short, not 
reaching coxa, consisting of fleshy distal lobe and 
basal sclerotized platelet, palpus reaching only to 
apex of platelet, occiput narrow, pilose. Legs 
rather slender, only femora robust; one outer 
(anterior) distal, thick, short tibial spur present 
on each leg (fig. 6), longer and more acute on 
hind leg; all tibiae about one-third shorter than 
corresponding tarsi, tarsi much thinner than 
tibiae. Wing venation as in fig. 12, similar to 
Astomella, but vein Ry furcate and forming a 
distinct second submarginal cell. Abdomen long, 
tapering evenly to caudal apex (not wellraised as 
in Astomella), with six tergites and seven sternites 
visible, male genitalia terminal, not ventral, 
abdomen flat beneath. 

Astomelloides is closely related to Rhysogaster 
and is apparently ancestral to Astomella. It can 
be separated from Rhysogaster by the venation, 
its single tibial spur, and by the terminal rather 
than ventral male genitalia. From Astomella it 
can be distinguished by its longer, more normal- 
shaped wing, its venation with vein R4; furcate, 
the presence of maxillary palpi, and in having the 
genitalia terminal instead of ventral. There is 
only one included species. 


Astomelloides auripila (Brunetti), 
new combination 
(Figures 1, 6, 12) 

Pialea auripila Brunetti, 1912, Rec. Ind. Mus. 7: 472-475; 
1920, Fauna Brit. Ind. 1: 161-163, pl. 2, figs. 24-25 and 
text figs. 10-11. (New genus near A s/omella), Schlinger, 
1956, Proc. U. S. Natl. Mus. 106: 360. 

Brunetti has described this species quite fully 
on two occasions (1912 and 1920), but several 
distinctive features need to be added. 

Partial redescription of holotype male.—Length 
of entire specimen 10.60 mm., wing length 7.25 
mm. Color brown, with some brownish-yellow 
markings, covered with dense golden yellow pile 
except on abdominal sternites; head black, except 
mostly yellow antennal segment III; all coxae, 
trochanters, femora, and short basal part of 
tibiae brownish-yellow, remainder of tibiae and 
tarsi dark brown: mesonotum, scutellum, ab- 
dominal sternites, except narrow posterior mar- 
gins, and large median tergal spots, shining dark 
brown; tergite I and lateral margin of tergites 
II-IV, brownish-yellow. Wing venation as in 
fig. 12; genitalia large (fig. 1), clasper large, but 
actual tip small; aedeagus longer than wide in 
ratio of 11:2, with subapical notch not well- 
defined. 

FEMALE—Unknown. 

The only specimen examined was the male 
holotype from Kurseong, Darjeeling District, E. 
Himalayas, 6,000 ft., India, VIII-26-1909 





1959] Schlinger: 
(D’Abreu), No. 668, Hi. The type, which has 
been returned to the Zoological Survey Collection 
in Calcutta, was in good condition, lacking only 
the left hind leg and most of the terminal segment 
of the left antenna. 


Genus Neopanops Schlinger, new genus 

Type species: Neopanops boharti Schlinger, 
new species, by present designation. 

Closely related to Panops Lamarck, and in 
particular to the P. baudini stock. It differs 
from P. baudini Lamarck, 1804, as follows: 
Mouth opening narrow without fringe of hairs, 
proboscis minute, maxillary palpus present but 
minute, ocellar tubercle flat, broadly joining 
antennal tubercle; eyes with short, sparse hairs; 
legs quite thin beyond the femora; wing shortened, 
vein Rey; ending closer to R; in wing margin, the 
petiole of Ras about twice as long, first basal 
cell about three-fourths as long as second, fifth 
posterior (subdiscal) cell closed just above the 
margin (compare figs. 138 and 15); abdomen more 
blunt apically and shortened. 


Neopanops boharti Schlinger, new species 
(Figure 13) 

MALE—Length of entire specimen 9.0 mm.; 
wing length 6.5 mm. Color made up of various 
shades of brown, white, and yellow; segments 
I-II of antenna light yellowish brown, segment 
III bright brownish yellow; dark brown are eyes, 
ocellar tubercle, median spot on humerus, most 
of mesonotum, larger part of mesopleuron, 
sternopleurae, fore coxa, most of middle and hind 
coxae and femora, apical half of tarsal claws, 
posterior margin of postalar callus, extreme base 
of wing, large median area of scutellum, large 
outer area including rim of squama, small lateral 
spot on sternites II-V, all of VI and VII, small 
lateral spot on tergite II, most of anterior and 
lateral margin of III and IV, nearly all of V and 
VI, and genitalia; light brown are antennal 
tubercle, apex of middle and hind coxae, trochan- 
ters, remainder of fore leg, spot at base and apex 
of middle and hind femora, middle and hind 
tibiae and tarsi, pulvilli, base of tarsal claws, 
wing veins, halter stem, most of sternites III-V, 
and median area and part of posterior margin of 
tergites III-V; white are occiput, most of 
humerus, remainder of pleurae, triangular spot on 
mesonotum starting at wing base and running 
back to scutellum, anterior part of postalar callus, 
mediolateral spot in front of scutellum, remainder 
of scutellum, central area of squama, halter knob, 
tegula and most of abdominal segments I and II. 
Pile mostly short, that on eyes light brown, not 
reaching apex of antennal segment I; that on 
mesonotum dense, mostly concolorous with 
ground color, about as long as antennal segments 
I and II; that on pleurae, humerus, postalar 
callus, scutellum and squama white, more wavy 
and longer than on mesonotum; that on basi- 
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sternum and coxa I dark brown and long; that on 
other parts of legs shorter and mostly concolorous 
with ground color; pile on abdomen mostly white 
on sternites, tergites I and II, anterior and lateral 
margins of tergites III and IV, and most of V 
and VI; mostly semi-erect except that on most of 
tergites I-IV appressed, almost silvery; that on 
remainder of abdomen mostly concolorous with 
ground color. 

Head about one-half as long as high, eyes 
holoptic, covered with short sparse hairs except 
near median line; antenna long, nearly as in 
Panops baudini, but segment III not so long as 
head height, laterally compressed, nearly parallel- 
sided, somewhat rounded off above at apex, no 
sensorial pits or hairs evident; lateral ocellus 
present, median ocellus absent but distinct pit 
evident; mouth opening long and narrow with 
several long hairs on posterior margin; proboscis 
hardly visible, apex with several hairs present; 
maxillary palpus barely projecting, two-segmented 
(?), with several apical hairs. 

Thorax with small thin fore legs; squama 
opaque, wrinkled and ridged; wing hyaline, 
venation (fig. 13) about as in P. baudini (fig. 15) 
except as noted above. 

Abdomen with segments II-IV equal and widest, 
V slightly narrower, VI quite small; in lateral 
view, sternum convex and tergite V noticeably 
rounded off and incised posteriorly; genitalia 
terminal. 

FEMALE—Unknown. 

Holotype male: Cyclops Mts., Sabron, 930 ft. 
Dutch New Guinea, April 1936 (L. E. Cheesman) 
[BMNH, 1936-271], deposited in the British 
Museum of Natural History. The type is in 
excellent condition, lacking only the left terminal 
antennal segment. 

To my knowledge, this is the second recorded 
specimen of the family from New Guinea, the 
other being Pterodontia longisquama Sabrosky. 
No doubt many other species and possibly other 
genera (such as Ogcodes and Panops) occur there, 
but at present the closest relative of N. boharti 
appears to be Panops baudini from Australia. 

N. boharti is a peculiarly marked species, and 
it seems probable that its color pattern may have 
some protective significance. 

It gives me great pleasure to name this interest- 
ing species after Professor Richard M. Bohart, of 
the University of California at Davis, who has 
unfailingly helped me in this and other entomo- 
logical endeavors. 


Genus Cyrtus Latreille 
Cyrtus Latreille, 1796, Précis des caractéres gén. d. Ins., 
p. 154 (no species). Type species: Empis acephala 
Villiers (=Syrphus gibbus F.), by subsequent designa- 
tion of Latreille, 1802. [The synonymy of Cyrtus is 
quite involved, and a full account will be given in the 
aforementioned revision by the author. ] 


This is an Old World genus reaching throughout 
the Palearctic region from southern Europe to 
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Japan, and south to Nyasaland, South Africa. 
There are apparently nine known species, one of 
which occurs in the Oriental region on the Island 
of Formosa. The new species described below is 
most closely related to C. albofimbriatus Hilde- 
brandt (1930) from China, and represents the 
first record of the genus from India. 


Cyrtus kashmirensis Schlinger, new species 
(Figures 10, 11, 17) 


Length of entire specimen 12.0 mm., 
Color green, black and 
brown; metallic dark green except: eyes, occiput 
partly, ocellar tubercle, femora, tibiae, tarsi 
mostly, tarsal claws, meropleura, apical two- 
thirds of tergite III and nearly all of tergites 
IV-VI, black; antenna, ocelli, anteclypeus, max- 
illary palpus, proboscis (except labellum), 
trochanters, femoral knees, extreme apex of tarsi 
partly, wing veins and abdominal intersegmental 
membranes, dark brown; labellum, pulvilli, squa- 
mal rim and halter, light brown; mesonotum has 
purplish black vitta that begins behind head, 
runs back to line about equal to wing base, then 
widens out to wing base and covers most of 
remaining mesonotum. Pile golden yellow, 
brown or silvery white; golden yellow, dense, 
erect, about as long as labellum on thorax, coxae, 
trochanters, femora, tergite II (except laterally), 
and sternites I and II, shorter, less dense on 
remainder of abdomen, legs and upper surface 
of squama; that on eyes dense, brown, reaching 
out about as far as tip of antennal segment II; 
that on occiput longer and yellowish; that on 
posterior margins of tergites II-V and most of 
sternites II-V short, silver-white and appressed. 

Head (figs. 10, 11) with short anteclypeus, 
about 11% times longer than wide; proboscis long, 
well built, reaching back to abdominal sternite 
III; short, sparse hairs cover proboscis; labellum 
little longer than anteclypeus; maxillary palpus 
evident, with the 8 to 10 apical hairs about as 
long as palpus; antenna as in fig. 10, separated 
from ocellar tubercle by distance of the length of 
antennal segment I; three ocelli, median one 
hardly visible. 

Thorax nearly as long as abdomen; scutellum 
about 214 times wider than long; legs thick, well 
built, femora and corresponding tibiae of each 
leg about same length, tarsi rather short; squama 
hyaline but cloudy, rim very narrow; wing 
hyaline, lightly infuscated, long, venation as in 
fig. 17. 

Abdomen blunt, pointed at apex, curving 
downward sharply at tergite IV, so that tergites 
V and VI are nearly vertical; all intersegmental 
membranous areas seem to be chitinized, thus 
allowing for little, if any segmental movement; 
spiracle I in tergite 1; spiracles II-IV in sternites 
II-IV, somewhat elevated; spiracles V and VI 
in intersegmental membranes between segments 
V and VI, spiracle VI is hardly visible; tergite VI 


FEMALE 
wing length 12.0 mm. 
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narrowed and pointed apically concealing genital 
capsule; sternite VI very small, not as wide as 
head, emarginate behind medially; genitalia small, 
concealed completely by tergite VI and sternite 
VI. 

MaLe—Unknown. 

Holotype female: Gulmarg, Kashmir, North 
India, July 26, 1931 (Fletcher coll., BMNH). 

This species is related to C. albofimbriatus 
Hildebrandt, but is easily distinguished by the 
metallic green color and the wing venation. 
Apparently these two species are somewhat dif- 
ferent from others of the genus Cyrtus. Judging 
from C. kashmirensis, the following distinctive 
features separate it from other species of Cyrtus: 
Dense, long pile; strong, thick legs; antennae 
closer to ocellar tubercle; abdomen more pointed, 
being more like certain species of Opsebius than 
Cytrus; head placed higher on thorax; wing with 
differently shaped posterior cells; proboscis much 
stronger and pile on eyes more dense. 


Genus Psilodera Gray 
Psilodera Gray, 1832, In Cuvier’s, Animal King., 15, 

Insecta, 2: 779. 

Type species: Cyrtus fasciatus Wiedemann, as 
Psilodera capensis Gray, monotypic. 

This genus, which comprises about seven species, 
is mostly confined to South Africa. One species, 
Lasia aurata Brunetti (1920), described from 
India, is certainly a species of Psilodera, as first 
suggested by Edwards (1930) in a footnote to his 
Chilean paper. Another species, Cyrtus orbifer 
Walker (1860), from Africa, also appears to belong 
in Psilodera, but an examination of the type will 
be necessary to determine this with certainty. 
I have not seen any Oriental species of Psilodera. 


Genus Pterodontia Gray 
Pterodontia Gray, 1832, In Cuvier’s, Animal King., 15, 

Insecta 2: 779. 

Type species: Pterodontia flavipes Gray, 
monotypic. 

An examination of the type male of P. dorso- 
lineata Brunetti (1912) from Maymyo, Burma, 
revealed that this is a synonym of P. kashmirensis 
Lichtwardt (1909) from Kashmir. The type of 
P. dorsolineata is in the Zoological Survey 


Collection in Calcutta. : 
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THE EFFICIENCY OF STICKY TRAPS IN SAMPLING EPIDEMIC POPULATIONS 
OF THE ERIOPHYID MITE ACERIA TULIPAE (K.), 
VECTOR OF WHEAT STREAK MOSAIC VIRUS! 


R. STAPLES? ano W. B. ALLINGTON3-4 


University of Nebraska, Lincoln 


ABSTRACT 


In 7 out of 11 paired comparisons, 1 x 3 inch grease- 
coated slides were more efficient on a unit-area basis 
than 3x4 inch slides, and in 5 of these instances the 
smaller slides caught as many mites as did the larger 
ones. Trapping efficiency was not increased by mounting 
a funnel in front of the trapping surface. Statistical 
analysis showed that mite populations in volunteer 
wheat could be measured satisfactorily by the trapping 
method, and where a population was uniform a good 
estimate of it was provided by a single trap. The mean 
number of mites per day from 7 traps on margins of 


Slykhuis in 1953 discovered the eriophyid mite, 
Aceria tulipae (K.), to be the vector of wheat 
streak mosaic virus. The destruction wrought 
by wheat streak mosaic in the midwestern United 
States and Canada has been detailed in several 
publications (Hansing et al. 1950; Melchers 1950; 
Slykhuis 1952; Slykhuis 1955; Staples and 
Allington 1956). Under certain circumstances, 
A. tulipae increases to fantastic numbers in 
volunteer wheat, the principal over-summering 
host in western Nebraska (Staples and Allington 
1956). Population estimates are difficult to ob- 
tain with any degree of accuracy because of the 
very small size of this mite species (the average 
measurements of the adult are 250 microns by 
75 microns (Keifer 1938) ), the very large numbers 
involved and the manner in which these mites 
are hidden by rolled infested leaves. Staples and 


winter wheat fields was significantly greater than that 
of 13 traps in fields at some distance from the source of 
infestation in volunteer wheat; means of the individual 
trap collections did not differ significantly. The mean 
numbers of mites per day for 23 days from 8 traps in 
volunteer wheat were significantly correlated with 
those from 13 traps in winter wheat fields and field 
margins. This correlation should exist if the trapping 
method is efficient in measuring daily fluctuations in 
numbers of air-borne mites. 


Allington (1956), studying the epidemiology of 
wheat streak mosaic, estimated populations by 
trapping air-borne mites on grease-covered slides, 
but they presented no evidence on the efficiency 
of the trapping method. Such an analysis of the 
trapping data obtained in western Nebraska in 
1953 is presented in the present paper. No infor- 
mation is extant in the literature on methods of 
estimating eriophyid mite populations. Slykhuis 
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(1955) trapped A. tuipae on vaseline-covered 
microscopic slides outdoors, and Pady (1955) 
trapped this species on _ silicone-grease-coated 
slides 114 to 2 miles from the nearest wheat field. 
In each instance it was demonstrated that A. 
tulipae is air-borne, but no estimates of mite 
populations were made. 


MATERIALS AND METHODS 

In early July of 1953 a devastating hail storm 
struck in Kimball County in western Nebraska 
when the wheat crop was approximately 3 weeks 
from harvest. A vast amount of volunteer wheat 
immediately appeared in the hailed area; a de- 
scription of the hailed area and the correlation 
existing between the volunteer wheat and the 
wheat mosaic epidemic that followed are pre- 
sented in some detail by Staples and Allington 
(1956). By the first of September the volunteer 
wheat was heavily infested with A. tulipae and 
traps were erected in four locations in the pre- 
viously hailed area. To obtain information on 
the efficiency of the trapping method, traps of 
different heights and trapping surface areas were 
placed in volunteer wheat, on the margins of 
winter wheat fields adjacent to the volunteer 
wheat and in the winter wheat fields some dis- 
tance from the volunteer wheat. The locations 
of the traps in the two trapping areas in which 
most of the present data were obtained are shown 
in figure 1. 

The traps were the familiar wind-vane type, 
some being 8 to 10 inches in height, the others 
approximately 37 inches high. Two trapping 
surfaces were used, a standard 1 x 3 inch micro- 
scopic slide and a 3 x 4 inch glass plate. It was 
not deemed feasible to extend the trapping surface 
beyond 3 x 4 inches because the small size of A. 
tulipae made microscopic examination of the 


Table 1. 


Number of 


Trap 
Observations 


: Location 
Designation 


Volunteer wheat 
Volunteer wheat 
Field margin 
Wheat field 
Field margin 
Volunteer wheat 
Volunteer wheat 
Field margin 
Wheat field 
Wheat field 
Field margin 
raps = 


**Significant at the 1 percent level. 
*Significant at the 5 percent level. 
*Significant at the 6 percent level. 
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slides necessary. A trapping surface in excess of 
3x4 inches is not conveniently manipulated 
with the mechanical stage of the compound 
microscope. 

On two of the traps bearing 3 x 4 inch plates, a 
circular sheet metal funnel was mounted three- 
quarters of an inch in front of the trapping sur- 
face. The larger funnel opening measured 1 foot 
in diameter; the air-sampling area was therefore 
approximately 0.8 square foot. The smaller 
opening was 2 inches in diameter. 

The glass trapping surfaces were coated on one 
side with Dow-Corning high vacuum grease. 
This material was found superior to various other 
sticky materials because of its ability to resist 
damage from rain, its physical stability with 
fluctuating temperatures, its optical properties 
which enable ready identification of entrapped 
mites under the microscope and its ability to 
withstand stripping from the slides when treated 
with mite clearing and staining media. The 
mites were cleared and stained in situ on exposed 
slides with Keifer’s ‘“‘A’”’ solution (Keifer 1952). 
The excess solution was removed from the slides 
by rinsing in water. The entrapped mites, when 
subjected to this treatment, became very clear 
and easily discernible from any other organic or 
inorganic materials embedded in the grease. 


RESULTS 

The efficiency of the 1 x 3 inch trapping surface 
versus the 3x4 inch trapping surface——At 10 
locations in the trapping area depicted in figure 1, 
paired traps were erected side by side and at the 
same heights. These locations were K-3, J—1, 
and J-8 in volunteer wheat; K—4, K-—6, J-3, and 
J-7 on the margins of winter wheat fields; K-7, 
J-5, and J-6 in the winter wheat fields. Although 
J-5 and J-6 were located on the margin of a 


Average number of mites per trap per day and average number of mites per square inch of trapping 
surface from 1 x 3 inch slides versus 3 x 4 inch slides, 


Kimball County, Nebraska, 1953. 


Average Number of 
Mites Per Square Inch 


Average Number of Mites 
Per Trap Per Day 


t xé¢ 3x4 t 


204** 
796 ** 
350** 
320* 
0218 
382* 
184* 
119 
919 
323 
190 
).453** 


0.69 
74 
04 
03 
Oo 
31 
23 
14 
14 
13 
19 
95 


“v0 
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sorghum field, the sorghum was mite-free and 
therefore these traps were considered comparable 
to those in wheat fields distant from mite-infested 
volunteer wheat. 

The average number of mites per trap per day 
and the average number per square inch of 
trapping surface from the paired traps from 
September 5 to October 12 are presented in 
table 1. The paired data from each set of traps 
were analyzed by Student’s ‘‘t’’ test. On several 
days during the trapping period, the paired 
slides were so covered with dirt that mite identi- 
fication became impossible and the slides for 
those days were discarded. This accounts for 
the varying number of observations listed in 
table 1. 


The data in table 1 are arranged to permit ready 
determination of the efficiencies of the two 
trapping surfaces. In traps E-4, K-3, K-6, K-7 
and K-4 there were no significant differences in 
the average number of mites per trap per day, 
and consequently the 1x3 inch slides were 
significantly more efficient on a unit area basis. 
A significantly greater number of mites were 
taken by the 3x 4 inch plates in J-1 and J-8 
but the average numbers of mites per square 
inch of the 1 x 3 slides were significantly greater. 
Significantly greater numbers of mites per trap 
per day were captured on the 3 x 4 inch plates 
in traps J-7, J-5, J-6, and J-3, and on a unit 
area basis one trapping surface was as efficient 
as the other. 





a 


Volunteer Wheat 


Volunteer Wheat 





© J-3 
J-5 @ 


189 




















© K-10 
Winter Wheat 


Volunteer Wheat Volunteer Wheat | Winter Wheat Winter Wheat Volunteer Winter Wheat 


| Wheat 








Fic. 1.—Locations of sticky traps for sampling populations of Aceria tulipae in the fields of the J and K areas, 
Kimball County, Nebraska, 1953. 
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Logically, it would appear that the number 
of mites captured by any sticky slide trap over 
an extended period of time would be related 
directly to the area of the trapping surface. 
Data obtained from only 4 of the 11 paired traps 
verified this hypothesis. In the remaining 7 
traps, the 1 x 3 slides were more efficient on a 
unit area basis and in 5 instances the smaller 
trapping surfaces captured as many mites as the 
larger. This superiority of the smaller over the 
larger trapping surface is indicated further by 
the analysis of the data from all traps, viz., no 
significant difference in the average number of 
mites per trap per day and, consequently, a 
highly significant difference in the average number 
of mites per square inch of the 1 x 3 slides over 
the 3 x 4 inch plates. An examination of table 1 
shows that the efficiency of one trapping surface 
over the other was not conditioned by the loca- 
tions of the traps. For example, in those traps 
in which the average numbers of mites per trap 
per day were not significantly different between 
the two trapping surfaces, traps E-4 and K-3 
were erected in volunteer wheat, K—4 and K-6 on 
the margin of a winter wheat field and K-7 some 
distance in the winter wheat field. Possibly 
greater air turbulence against the larger surfaces 
may have prevented mites from striking the 
grease. Wind velocities at the trapping sites 
(elevation 5,000 feet) were estimated during the 
trapping period and have been presented by 
Staples and Allington (1956). 

The effect of a funnel on trapping efficiency.— 
At locations K-3 in volunteer wheat and K-7 in 
the winter wheat field, two traps were erected as 
close to one another as possible. Both traps bore 
3x4 inch plates and were of the same height. 
They differed only in that a funnel was supported 
before the trapping surface of one of the traps. 
From September 15 to November 11 the mites 
on 27 sets of plates from the traps at K-3 and 
18 sets at K-7 were counted. The average 
number of mites per day from the trap with the 
funnel at K-3 was 4.56, the average number 
from the trap without the funnel was 6.93. The 
“t”’ value for these paired data is 1.190 and is 
not significant. The trap with the funnel at 
K-7 captured an average of 0.61 mites per day, 
that without the funnel an average of 0.39 mites 
per day. The “‘t”’ value in this case is 1.288 and 
is not significant. The use of these funnels did 
not increase trapping efficiency and it can only 
be postulated that air turbulence within the 
funnel decreased the possibility of mites striking 
the greased trapping surface. 

The efficiency of the trapping technique in 
measuring mile populations in volunteer wheat.— 
It was readily apparent that mite populations in 
the volunteer wheat indicated in figure 1 and other 
places differed measurably from one area to 
another. The number of plants showing signs of 
infestation, a rolling and trapping of the leaves, 
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differed from place to place. The stands of 
volunteer wheat varied considerably also; in some 
locations it was thick, supporting larger mite 
populations than in other thinner stands. The 
condition of the volunteer wheat also affected 
population levels. Because of differences in soil 
moisture, the volunteer wheat in one area would 
be succulent and green, in another wilted and 
chlorotic. 

Initially, mite counts were made on samples of 
plants taken in the vicinity of each of the traps. 
By relating these counts with the vigor and 
amount of volunteer wheat in the trapping loca- 
tions, arbitrary and comparative estimates were 
made of the mite populations near each trap dur- 
ing the trapping period. These estimates are 
presented in table 2. The greatest mite popula- 


Table 2.—Mean number of Aceria tulipae per trap per 


day and arbitrary population estimates in volunteer 
County, 
October 


Nebraska, 
12, 1953. 


wheat, Kimball September 5 to 


| Arbitrary Population 
Estimates in | Mean Number of* 
Volunteer Wheat Mites per Day 
Near Trap 


Trap 
Designation 


10 9 OS 
5 88 
5 5.83 
5 33 
2.8 42 
2 54 
2 1.42 
2 1.33 


“Significance: among K’s, no significance; among J's, 
no significance; K's versus J's, significant at less than 
1 percent; K's versus S-3, significant at 6 percent. 


tion was found at location S-3 and this was 
assigned a value of 10. Traps S-3 and S-4 
were positioned similar to those in figure 1 but 
several miles from the J and K areas. The mite 
populations in the volunteer wheat surrounding 
traps K-1, K-3 and K-5 were uniform and 
approximately half that at S-3. These popula- 
tions were assigned a value of 5. The population 
at S-4 was approximately one-fourth that of S-3 
and has a value of 2.5. The populations at 
traps J-1 and J-2, situated side by side, and 
trap J-8 were assigned a value of 2. These mite 
population estimates made periodically through- 
out the trapping period maintained their relative 
comparative positions. The abundance of mites 
in the volunteer wheat at each of the trapping 
locations is reflected surprisingly well by the 
mean number of mites per trap per day in table 
2. The question arises, however, whether the 
variability inherent in the trapping method per- 
mits the separation of these populations 
statistically. 

The data presented in table 2 were obtained 
from mite counts from 1 x 3 inch trapping sur- 
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faces from September 5 to October 12. The 
number of observations establishing each mean 
is 24. The analysis of variance discloses no 
significant differences between the mean numbers 
of mites per day from traps K-1, K-3 and K-5. 
Mite populations in the vicinity of these traps 
were uniform and the trap collections mirrored 
this uniformity. Mite populations in the volun- 
teer wheat surrounding traps J-1, J-2 and J-8 
were also uniform. Here again the trap collec- 
tions reflect this uniformity; no significant dif- 
ferences exist between the mean numbers of 
mites per trap per day. A single trap provided a 
reasonably good estimate of the population in 
volunteer wheat where mites were uniformly 
distributed. 

Mite populations in the J areas were markedly 
smaller than those in the K area. These popula- 
tion differences are manifest in the highly sig- 
nificant difference between the means of the K 
traps versus the means of the J traps. The mite 
population in the volunteer wheat in the vicinity 
of trap S-3 was much greater than those in the 
K area. The mean number of mites per day from 
trap S-3 is significant at the 6 percent level over 
the means of the K traps. It appears that the 
trap collections were influenced mainly by the 
mite populations in the volunteer wheat im- 
mediately surrounding the traps and, therefore, 
this trapping technique may well be used to 
measure mite populations in volunteer wheat. 

The efficiency of the trapping technique in 
measuring mite populations on the margins and in 
winter wheat fields.—Figure 1 presents the loca- 
tions of 11 traps either on the margins or in winter 
wheat fields. The mean numbers of mites per 
day of these 11 plus those of two others not 
shown in figure 1 are presented in table 3. It 
will be noted that the means of the seven traps 
from field margins are all greater than the means 
of those located in the fields some distance from 
the margins. The analysis of variance discloses 
that the traps on the field margins as a group 
captured a highly significant greater number of 
mites than did those in the fields. This is to 
be expected because the traps on the field mar- 
gins were situated much closer to the source of 
infestation in the volunteer wheat. However, on 
an individual trap basis, efficiency is lost. With 
the exception of J-4 whose mean is significantly 
greater than that of J-7 and those below in 
table 3, no significance exists between any of the 
means. This demonstrates that a series of traps 
must be used to differentiate mite populations on 
the margins of winter wheat fields from those 
some distance in the fields from the margins. 

Efficiency as measured by correlation of trap 
collections in volunteer wheat with those distant 
from volunteer wheat.—The trapping technique, 
if efficient, should permit a marked correlation 
in trap collections from volunteer wheat versus 
those from winter wheat fields and field margins 


Sticky Traps in Sampling Mite Populations 


163 


during the trapping period. Staples and Alling- 
ton (1956) showed that mite collections from 
traps in volunteer wheat were correlated with 
wind velocity. Collections from traps in winter 
wheat fields and field margins should also be 
conditioned by wind movement and_ should, 
therefore, mirror corresponding daily collections 
from traps in volunteer wheat. To determine 
whether such efficiency existed in the trapping 
method, the mean numbers of mites from 8 
traps in volunteer wheat were correlated with 
the mean numbers from 13 traps situated in 
winter wheat fields and field margins for 23 days, 
from September 5 to October 12. The correlation 
coefficient, 0.497, is significant at the 5 percent 
level (d.f.=21, r.o,5=0.413). The efficiency, un- 
doubtedly, could have been increased by employ- 


Table 3.—Mean number of Aceria tulipae per trap per day 
in winter wheat fields and field margins, Kimball County, 
Nebraska, September 5 to October 12, 1953. 


= 
| Mean Number of 
Mites per Day” 


56 
3 
a) 


Trap Location" 
Designation es 
Field margin 1 
Field margin 1 
Field margin I 
Field margin 1 
Field margin 1 
Field margin I 
Field margin I 
In field | 
In field 1 
In field 1 
In field 1 
In field 1 
I 


In field 04 


*The collections from the traps on the field margins 
in toto are significant at less than 1 percent over those in 
the fields. 

bSignificance at the 1 percent level, using Duncan's 
test (Duncan 1955), is denoted by bracketing means. 
Any two means bracketed by the same line are not 
significantly different. SE of a mean=0.094 with 336 
degrees of freedom. 


ing a greater number of traps at locations outside 
the volunteer wheat. This is indicated by 
correlating the same means from traps in volun- 
teer wheat with those from traps on the field 
margins and those from traps in the winter 
wheat fields. The correlation coefficient for the 
former, 0.335, is not significant whereas that of 
the latter, 0.544, is significant at 1 percent 
(df. =21, ro =0.526). 

Obviously, the closer the traps are to the mite 
source in volunteer wheat, the more marked 
should be the correlation between such trap col- 
lections and those made in the volunteer wheat. 
Since the significant correlation occurred between 
collections from volunteer traps and wheat field 
traps rather than field margin traps, it appears 
that an insufficient number of traps was used in 
locations outside the volunteer wheat. 
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ALANINE AND PROLINE IN THE DIET OF LARVAE OF ORYZAEPHILUS 


SURINAMENSIS (L.) 


Gm. 


(COLEOPTERA: SILVANIDAE)' 


DAVIS? 


Entomology Section, Canada Department of Agriculture Research Laboratory, Saskatoon, Sask 


ABSTRACT 


Larvae were reared on chemically defined diets, of 
which the alanine content varied from 5.4 mg. of /- 
alanine or 10.5 mg. of dl-alanine per gram of diet to 
none, or of which the alanine content was maintained 
at 0.7 mg. of alanine or 1.2 mg. of dl-alanine per gram 
and the proline content varied from 21.2 mg. of /-proline 


In a previous study (Davis 1956), a racemic 
mixture of alanine at a concentration of 13.9 mg. 
per gm. of chemically defined diet decreased the 
survival of larvae of Oryzaephilus surinamensis 
(L.) at least one-half. Sufficient data were not 
available at that time to determine whether dl- 
alanine was harmful in all concentrations, whether 
proline enhanced this effect, or whether the effect 
was partly due to amino acid imbalance in the 
diet. This is a report on the effects of various 
concentrations of alanine, supplied as /-alanine or 
as the racemic mixture containing equivalent 
amounts of the /-isomer, on the growth of these 
larvae, and of various concentrations of /-proline 
when the alanine level was constant. 


METHODS 

Eggs were obtained every 24 hours by sifting 
them free of all flour and frass and were incubated 
at 32° C. However, the relative humidity was 
lowered from 75+5 (Davis 1956) to 60+5 per- 
cent, without affecting the time required for 
hatching. 

A diet containing casein, used by Fraenkel and 
Blewett (1946) for Ephestia spp., was used to 
determine whether a synthetic diet was as suit- 
able as a natural diet and might be used as a 
basis of formulating a chemically defined diet 
for these larvae. Because as many survived and 


per gram to none. Larvae survived as well (66%) 
and pupated almost as quickly (569 hours) as on a casein 
diet only when the chemically defined diet contained 0.7 
mg. of /-alanine and 0.7 mg. of /-proline per gram. Small 
quantities of both amino acids appeared necessary for 
normal survival and development. 


because they pupated as quickly on this diet as 
on a natural diet (Davis 1956), this synthetic 
diet was an excellent basis for the development of 
a chemically defined diet. Amino acids in the 
proportions listed by Block and Bolling (1951) 
were substituted for the casein of the above diet. 
The wheat germ oil and most of the water were 
omitted from the diet. The components of the 
chemically defined diet used as a control diet 
and of its counterpart, in which the /-alanine was 
supplied as a racemic mixture, are given in 
table 1. 

The amino acids, dextrin, cholesterol, the salt 
mixture, ribose nucleic acid, and follic acid were 
mixed in powdered form in a mortar. The 
vitamin B components were added in distilled 
water and the alpha-tocopherol was mixed with 
the linoleic acid and added to the other compo- 
nents. These diets were ground in a mortar 
until they were finely granular. 

The effects of /-alanine and of dl-alanine were 
tested at six levels beginning with 5.4 mg. of 
l-alanine and with 10.5 mg. of d/-alanine per gm. 
of diet. The larger amount of the racemic 
mixture was provided to supply the equivalent 
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amount of /-alanine. The amount of alanine in 
the diet was reduced by approximately half from 
one diet to the next. As the alanine was reduced, 
it was replaced by additional glycine to maintain 
the nitrogen content of the diet. One diet was 
prepared without alanine and another without 
alanine or proline. 

The effect of proline was tested at eight levels 
beginning with 21.2 mg. of /-proline per gm. of 
diet. The amount of proline was decreased by 
half from one diet to the next, the level of alanine 
being constant at 0.7 mg. of /-alanine or 1.2 mg. 
di-alanine per gm. of diet. The decrease in /- 
proline was again counterbalanced by an increase 
in the glycine content of the diet. One diet was 
prepared without proline, but with /-alanine at 
the same level as above; another, without proline 
but with di-alanine. 

For each test, a small quantity of diet was 
placed in each of 50 test tubes, 75 mm. long and 
10 mm. in diameter. One newly hatched larva 
was added to each test tube. The tubes were 
stoppered with cotton and were incubated at 
32° C. and 60+5 percent relative humidity. 
The larvae were observed daily until pupation 
was completed. Two tests were conducted with 
each diet. 

The data on survival were transformed by the 
arcsine transformation before they were submitted 
to analysis of variance. The data on develop- 
ment time were analyzed without transformation. 
Differences caused by various diets were deter- 
mined at the five percent level of significance. 


Alanine and Proline in the Diet of Oryzaephilus 


RESULTS 


An average of 86 percent (transformed value, 
68.0 percent) of the larvae of O. surinamensis 
survived to pupation on the casein diet and they 
pupated about 500 hours after hatching. 

When the concentration of alanine was reduced, 
the larvae did not survive as well on any of the 
diets as on the casein diet (table 2). They sur- 
vived as well without alanine as with it. They 
developed more rapidly when the diet contained 
no alanine, 0.1 mg., or 0.7 to 2.7 mg. of /-alanine, 
or 5.2 mg. of d/-alanine per gm. of diet than when 
the diet contained alanine in the concentration 
found in casein (table 2). 

Larvae reared on diets with various concentra- 
tions of proline survived as well as those on the 
casein diet only when the diet contained 0.7 mg. 
of /-proline and 0.7 mg. of /-alanine per gm. of 
diet (table 3). Generally, when the concentration 
of proline decreased below 1.2 mg. per gm. of 
diet, more larvae survived than on the control 
diet containing amino acids in the concentration 
found in casein. More larvae survived when 
l-alanine was supplied without proline than when 
dl-alanine was provided without proline. 

The larvae developed more rapidly on these 
diets than on the control diet (table 3). Their 
rate of development approximated that with the 
diet containing casein when the proline concen- 
tration. was 10.3 mg. per gm. or less in the presence 
of dl-alanine, or 0.7 mg. per gm. or less in thé 
presence of /-alanine. They took as long to 


Table 1.—Composition (in milligrams) of one gram of control diet and of its counterpart 
in which /-alanine was supplied as a racemic mixture 


Amino Acid* 


/-Alanine 


/-Alanine. 
di-Alanine?. . 
!-Arginine monoHCl 
l-Aspartic acid. 
l-Cystine” 
l-Glutamic acid» 
Glycine” 

l-Histidine monoHC1 
/-Isoleucine 
/-Leucine” 

l-Lysine» 
l-Methionine 
l-Phenylalanine 
/-Proline 21 
/-Serine 11 
/-Threonine 7 
!-Tryptophan 2 
l-Tyrosine” 10 
l-Valine.. 12 


5.4 
0.0 
6.7 

4 


0.6 


Noo 


> — 


16 
13 

5 
10 


Noha 


Cree oO 


dl-Alanine 


0 
10 


6. 


11 

0 
36 
3 


o 


l 
li 
| 


2 

10 
7 
9 


10.1 


Other Components" 


Dextrin 771 
Cholesterol 

McCollum- Davis's Salt” 

Ribose nucleic acid 

Folic acid® 

Inositol» 

Choline chloride! 

Thiamine HC1 

Riboflavin 

Nicotinic acid 

Pyridoxine HC] 

Calcium pantothenate 
p-Aminobenzoic acid@ ( 
Linoleic acid ; 
y-Tocopherol” 5 
Biotin 096 
Vitamin By. 116 
Distilled water 10 ml 


Van 


05 
05 
05 
05 
05 
i) 
) 


2 ee 


mm SAIS OS be GO 


12. 
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develop when the diet contained 1.2 mg. of dl- 
alanine per gm. of diet, but lacked proline, as on 
the control diet. 


DISCUSSION 


When the concentration of di-alanine in the 
diet was 2.6 mg. per gm. (table 2), the increase 
in development time was probably caused by 
amino acid imbalance; with higher and lower 
concentrations of dl-alanine development time 
was not greatly affected. When no proline was 
included in the diet containing 1.2 mg. of dl- 
alanine per gm. of diet (table 3), the decrease in 
survival and the increase in development time 
were undoubtedly caused by the racemic mixture, 
for no such effect was produced by /-alanine in 
the absence of proline. The harmful effect of 
di-alanine was apparently counteracted even by 
small concentrations of /-proline (table 3); it 
became apparent only when proline was omitted 
from the diet. 

A dietary source of alanine is required by 
Blattella germanica (L..) and probably by Pseudo- 
sarcophaga affinis (Fall.); a dietary source of pro- 
line is required by Aedes aegypti (L.), by males 
of B. germanica, and probably by Drosophila 
melanogaster Mg. (Auclair et al. 1957). The 
apparent need of some alanine or some proline, 
or both, in the diet of O. surinamensis cannot be 
explained on the basis of the greater glycine con- 
centration. If such were the case, more larvae 
should have survived when neither alanine nor 
proline was provided in the diet. Because larvae 


Table 3. 
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Table 2.—Percentage survivals and development periods 

of 100 larvae of O. surinamensis reared individually in 

test tubes when the alanine content of the diet was 
decreased and replaced with glycine 





Survival 


Hours to 
| Pupation 


Amount of 


Alanine Angular 


Transfor- 
mation | 


Actual 
‘eben 


5.4 mg. /-alanine 
(control) 
10.5 mg. dl- alanine | 18 25 


811+25* 
7 mg. /-alanine 35 36 
| 


| 737 +25 
| 714+20% 
| 71821» 
718+ 15> 
924 +64 
| 703+ 19% 
751+ 16 
| 748 +19 
| 780+ 22 
| 685+ 20° 
794 + 25 
| 67418» 


| 
| 
23 | 28 


2 mg. dl-alanine 25 29 

3 mg. /-alanine 30 33 

6 mg. dl-alanine 5 12 

7 mg. /-alanine 37 37 

2 mg. dl-alanine | 41 40 

3 mg. /-alanine 28 32 

6 mg. dl-alanine | 47 a 

0.1 mg. /-alanine | 36 36 

0.3 mg. di-alanine | 38 38 

No alanine. ... 45 42.1 
No alanine, no 

proline 5 12.9 

L.S.D. at 5% level. | ~ 


me Oe OD 


OoOnNNN © 


| 694+21 


*Standard error. 
‘Significantly different from control at 5% level. 


survived as well and developed almost as quickly 
as on the casein diet only when the chemically 
defined diet contained 0.7 mg. of /-proline and 
0.7 mg. of /-alanine per gm. of diet, small amounts 
of both amino acids are probably necessary for 
normal survival and development. 


-Percentage survivals and development periods of 100 larvae of O. 


surinamensis reared individually in test tubes when the proline content of the 
diet was decreased and replaced with glycine, the alanine content being constant 


at 0.7 mg. /- alanine or 1.2 mg. di- ale inine per as of diet 


Amount of Proline 


| Pe orcentz age | 


Control (5.4 mg. /- slenine) ) 
21.2 mg. /-proline, /-alanine 
20.6 mg. J-proline, di-alanine 
10.6 mg. /-proline, /-alanine 
10 3 mg. /-proline, dl-alanine. 
3 mg. /-proline, J-alanine 
1 mg. /-proline, di-alanine 
6 mg. /-proline, /-alanine 
6 mg. /-proline, d/-alanine 
3 mg. /-proline, /-alanine 
2 mg. /-proline, d/-alanine 
0.7 mg. /-proline, /-alanine 
0.7 mg. /-proline, d/-alanine 
0.3 mg. /-proline, /-alanine 
0.3 mg. /-proline, d/-alanine 
0.1 mg. /-proline, /-alanine 
0.1 mg. /-proline, d/-alanine 
No proline, /-alanine. . 
No proline, dl/-alanine 
L.S.D. at 5% level. 


*Standard error. 


Survival 
| Hours to 
Angular | Pupation 
tT transformation | 
8li+ 25" 
703+ 19» 
751+ 16 
700+ 23" 
543 23» 
661+ 19» 
610 25" 
657+ 21» 
608+ 14» 
674+ 16» 
692+ 30» 
569+ 12» 
654+ 15» 
565+ 16> 
613+ 20" 
585+ 14> 
576+ 17» 
595+ 14» 
801+ 18 


23, 28.6 
37 37.4 
41 40.0 
34 | 35.6 
28 31 
21 27 
23 28 
23 28 
46 42. 
40 39 
26 30 
66 54 
52 | 46 
53 46 
52 46 
18 43 
51 45 
50 45 
27 31 . 
- 10. 


OO Ne OO ND OO 


=a 
wooow 


oS 


‘Significantly different from control at 5% level. 
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The results also indicate that the casein portion 
of a synthetic diet cannot always be adequately 
replaced by a mixture of pure amino acids in the 
quantities indicated by various analyses of casein. 
Even when the casein diet is quite satisfactory for 
growth and development, some adjustment is 
apparently necessary when a mixture of amino 
acids is substituted for the casein portion. 
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CALLIPHORIDAE AND SARCOPHAGIDAE (DIPTERA)! 


II. DIGESTIVE ENZYMOLOGY? 
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ABSTRACT 


Distribution of maltase, sucrase, lactase, butyrase, 
and trypsin in the larval alimentary tracts was deter- 
mined. No amylase or pepsin activity was found in any 
of the species studied. Tissues of midgut A and C showed 
the highest activity and greatest number of digestive 
enzymes. Definite reduction in enzyme types and dis- 
tribution was found in Protocalliphora avium, an obligate 
parasite of nestling birds, and in the facultatively para- 
sitic larvae of Phormia regina and Protophormia terrae- 
novae. Positive butyrase activity is reported from the 
salivary glands of P. avium and Wohlfartia opaca; such 
activity was less definite in the salivary glands of 
Calliphora spp. and the esophagus of P. regina, P. terrae- 
novae, and Phaenicia sericata. This is in harmony with 
the known tendency to facultative parasitism in this 
group, and suggests that parasitic forms may evolve 
from such stems. The hindgut of P. avium and W. 


The blow flies and flesh flies constitute a rather 
homogeneous biological unit. When the avail- 
able food supply is limited the intensity of com- 
petition between members of the same group 
becomes most critical. Thus competition for 
food is a significant factor which influences not 
only population density and distribution but 
might induce certain adaptation at the phy- 
siological level among competing individuals. 

Wardle (1930) suggested that the development 
of parasitic habits, which occur among several 
species of this group, has probably been induced 
by the intensity of competition for oviposition 
media. On the other hand, Hobson (1931b) 
has demonstrated the presence of collagenase 
in the race of Lucilia sericata (Meig.) which 
parasitizes sheep, while the other race which 
confines its activities to carrion lacks this enzyme 
(Messer and McClellan, 1935). 


opaca showed complete absence of enzyme activity. 
Bacteriological studies showed Gram-negative rods to 
be most abundant, followed by Gram-positive cocci, 
both in the larval intestinal tracts and in the rearing 
media. Activity of carbohydrases in nonsterile larvae 
was due to bacterial action, as no such enzymes were 
reported from sterile individuals, though the latter do 
secrete proteolytic and lipolytic enzymes necessary for 
their normal growth. Autoclaved liver infusion did not 
support larval growth, but sterile larvae of P. regina, 
P. terrae-novae, and Eucalliphora lilaea were reared 
successfully through two generations on sterile blood 
agar. Individuals reared on this medium had their 
larval development retarded 5 to 7 days, but no effect 
was noted on the duration of the pupal stage which 
seems fixed and without correlation with that of the 
larval stages. 


Since the intensity of competition for food and 
space under natural conditions is primarily among 
the immature stages, a study was undertaken to 
determine the type and distribution of several 
categories of digestive enzymes in the larvae of 
flies of 13 species of Sarcophagidae and Cal- 
liphoridae with known food habits ranging from 
those of a normal scavenger to obligatory para- 
sitism. This fundamental information may serve 
two purposes. First it has the useful function 
of suggesting the extent of food utilization among 
individual members having various food habits 
and thus may lead to a possible explanation of 

‘Part I of this series appeared in these ANNALS, 
Volume 51, Number 3, May 1958. Accepted for publica- 
tion July 19, 1958. 

2Portion of a dissertation submitted in partial fulfill- 
ment of the requirements for the degree Doctor of 
Philosophy in Entomology, State College of Washington, 
Pullman. 
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the question: Why do such flies become para- 
sitic? Secondly, it may serve to complement 
other criteria for determining the best taxonomic 
arrangement. 

Day and Waterhouse (1953), however, have 
warned against conclusions drawn entirely from 
enzyme studies, since an enzyme may be an endo- 
enzyme within cells of the digestive system and 
may have no function in the primary breakdown 
of food stuff (Baldwin 1952). Furthermore, 
enzyme activity, particularly in termites, may be 
due to the intestinal flagellates inhabiting the 
digestive tract of their host (Hungate 1938). 
On the other hand, the carbohydrases of Hypo- 
derma (Simmons 1939) and that of Phormia 
regina (Fletcher and Haub 1933) are believed to 
be produced by bacteria. 

Consequently a survey of microorganisms 
present in both the digestive tract of the larval 
forms and their media was conducted in the hope 
that the findings might shed some light on the 
nature of symbiosis and on the physiology of 
nutrition. In addition, the larvae of as many 
species as possible were reared on aseptic media. 
To ascertain what enzymatic activity was due 
to intrinsic digestive enzymes and not to action 
of bacteria inhabiting the intestinal tract, the 
digestive enzymes of sterile larvae were deter- 
mined and compared with those enzymes re- 
ported to be present in the digestive tract of 
larvae reared under naturally contaminated 
conditions of liver media. 


MATERIAL AND METHODS 

A decrease in enzyme level and distribution 
had been reported to occuf in the nonfeeding 
stage of several groups of insects. Consequently, 
for each enzyme studied, only fully grown third- 
stadium larvae which had been reared on liver 
were selected at random, as soon as they were 
ready to leave the rearing media and before 
entering the prepupal, nonfeeding stage. Seven 
digestive enzymes in the alimentary canal of 
larvae of thirteen species’ of flies (table 1) were 
considered and determined according to the 
procedures and methods employed by Rockstein 
and Kamal (1954). 

Several difficulties were encountered in rearing 
the larvae on sterile media of liver infusion agar 
(LIA) and on sterile blood agar (SBA). Erlen- 
meyer flasks of various sizes were first tried, with 
no success. These were later replaced by test 
tubes (25 mm. in diameter by 200 mm. in length), 
plugged with cotton and autoclaved for 20 
minutes at 15 pounds pressure. In the prepara- 
tion of SBA, sterile rabbit blood in a concentra- 
tion of 5 to 10 percent was added to the melted 
and cooled agar. After autoclaving, the media 
were allowed to solidify in a slanting position. 

A solution of 2 percent NaOH and 2 percent 
formalin (Beck et al. 1950) was used in sterilizing 
the eggs. Best results were obtained when eggs 
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were from 7 to 9 hours old. Each replicate con- 
sisted of five slants, and each slant contained 
50+5 germicide-treated eggs. A slant inoculated 
with untreated eggs was used as a control. The 
content of the rearing slants was checked for 
bacterial contamination periodically by streaking 
on various differential and selective media (blood 
agar, nutrient agar, SS, EMB, and Macconkey) 
and those showing contamination were discarded. 

Two calliphorids, Phormia regina (Meig.) and 
Protophormia terrae-novae (R. D.), were reared up 
to the second generation, while Eucalliphora 
lilaea (Walker) was reared up to the third gen- 
eration on SBA media. 

Only the aerobic and facultative bacteria of 
the intestinal tract of larvae were isolated accord- 
ing to the standard bacteriological procedure, and 
Bergey’s manual (1948) was used for species 
determination. 


RESULTS 

Except for Protocalliphora avium, the data ob- 
tained represent a summary of the findings from 
at least four sets of duplicate tests for each part 
of the digestive system. In the case of P. avium, 
because of the lack of additional material following 
the first collection, only one set of enzyme deter- 
minations was made. 

Insofar as could be determined by the methods 
employed in this study, four enzymes were found 
to be generally present in the tissues of the ali- 
mentary tract of the third stage larvae. These 
are summarized in table 1. No amylase or pep- 
sin activity was ever found in any part of the 
digestive system of any of the species studied. 
Positive lactase activity was recorded in the 
esophagus of P. avium, and questionable lactase 
activity in the crop and midgut of Wodlfartia 
opaca. 

In agreement with the generally reported 
enzyme types and distribution in the intestinal 
tract of insects, the tissue of midgut, especially 
midgut A and midgut C, showed the richest 
variety and number of digestive enzymes. Very 
few enzymes were found in the crop, esophagus, 
and hindgut. In the salivary glands only maltase 
activity was obtained, except for butyrase in the 
case of P. avium, W. opaca, and the Calliphora 
species. 


DISCUSSION 


Considerable evidence to support the present 
concept that physiological modifications have 
evolved along with morphological adaptation 
was presented independently by Yonge (1937) 
and Vonk (1937, 1955) in their excellent reviews 
on the evolution of the digestive system in the 
Metazoa. The tremendous success of the very 
large and highly diversified class Insecta was 
similarly explained by Craig and Hoskins (1940) 


8’The species and their sources are enumerated in 
Part I of this series (Kamal 1958). 
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Table 1.—Distribution of enzymes in the alimentary tract of larvae of 13 species of flies* 


| 
| Salivary 
| Glands 


Midgut Midgut — Hindgut 


Species Esophagus Crop B 


shermani 
Trypsin. . {+ a 
Butyrase + 
Maltase.. 
Sucrase 
cooleyi 
Trypsin. 
Butyrase 
Maltase 
Sucrase 
bullata 
Trypsin. 
Butyrase 
Maltase 
Sucrase 

’. opaca 
Trypsin. 
Butyrase 
Maltase. 
Sucrase 
avium 
Trypsin. 
Butyrase 
Maltase. 
Sucrase 
regina 
Trypsin 
Butyrase 
Maltase 
Sucrase 
terrae-novae 
Trypsin 
Butyrase 
Maltase 
Sucrase 
sericata 
Trypsin 
Butyrase 
Maltase 
Sucrase 
lilaea 
Trypsin 
Butyrase 
Maltase. 
Sucrase 
cadaverina 
Trypsin. . 
Butyrase 
Maltase 
Sucrase 
vomitoria 
Trypsin 
Butyrase 
Maltase 
Sucrase 
vicina 
Trypsin 
Butyrase 
Maltase 
Sucrase 
terrae-novae 
Trypsin. 
Butyrase 
Maltase 


Sucrase 


“++ =pronounced positive activity; +=positive activity; = =only faint activity; no activity; ?=only 


faint activity in a single case of all replicates 
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who presented the view that ‘adaptation to 
certain very specialized foods involves the 
presence of enzymes unfamiliar to mammalian 
forms.’ During the same period, Parkin (1940) 
had shown that the ability of certain larvae of 
wood-boring beetles to utilize cellulose and 
hemicellulose is related to the distribution of the 
corresponding digestive enzymes in their ali- 
mentary tract. Similar evidence was provided 
more recently by Saxena (1954) of closely related 
species of leafhoppers feeding in two different 
plant tissues, and by Rockstein and Kamal (1954) 
for six closely related species of flies with food 
habits ranging from strictly scavengers to obli- 
gate parasites. 

The data of the present investigation represent 
re-examination of the findings of Hobson (1931a) 
for Phaenicia (= Lucilia sericata, of Fletcher and 
Haub (1933) ) for Phormia regina, and of Rock- 
stein and Kamal (1954) for Sarcophaga cooleyi, 
S.  shermani, Wohlfartia opaca, Eucalliphora 
lilaea, Phaenicia sericata, and Protocalliphora 
avium. Also, six additional species were incor- 
porated in this study. 


A major discrepancy in the findings of these 
reports occurs with regard to the presence of 
feeble amalyse activity in the salivary glands of 
P. sericata and P. regina as reported by Hobson 
(193la) and Fletcher and Haub (1933), respec- 
tively. Another difference was with regard to 
the absence of carbohydrase activity in the mid 
gut as reperted by Hobson. A possible basis for 
this difference is the fact that Hobson used the 
Fehling test for reducing sugars as compared to 
the Tauber and Kleiner (1932) test for detecting 
monose sugars in the presence of (interfering) 
disaccharides employed here. Further explana- 
tion will be presented in the following section 
dealing with symbiotic association. 


It is significant to note the striking similarities 
in enzyme types and distribution which occur 
among the four sarcophagids (table 1). This is 
especially true of the distribution of digestive 
enzymes in midgut A and midgut C, which are 
usually considered as the regions chiefly respon- 
sible for secretion of most digestive enzymes in 
muscid flies. On the other hand, the absence of 
digestive enzymes in the hindgut of W. opaca, 
coupled with the presence of butyrase activity 
in its salivary glands, suggests a striking similarity 
of W. opaca to P. avium, a calliphorid and an 
obligate parasite of birds. This may indicate 
that W. opaca represents a form whose feeding 
habits, in view of the success of rearing this 
species by Kraft (1956), resemble the closely 
related scavenger forms of other sarcophagids, 
but also that it is probably evolving in the 
direction of obligate parasitism. The persistence 
of the parasitic habit in this species should be 
expected eventually to lead to reduction in 
enzyme number and variety, if the reduction of 
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enzymes is considered a valid basis for such an 
inference. 

In the case of the calliphorids, the presence of 
butyrase activity in the salivary glands of P. 
avium, coupled with the reduction of enzyme kind 
and distribution in this species, is quite significant. 
The larvae of this species have a high degree of 
specialization with regard to their feeding hahits 
(as bloodsuckers of nestling birds) which dis- 
tinguishes them from the scavenger and faculta- 
tively parasitic forms. Possible significance of 
such reduction in variety and distribution was 
presented by Rockstein and Kamal (1954). 

The presence of faint butyrase activity in the 
salivary glands of Calliphora species and from 
the esophagus of P. regina, P. lerrae-novae, and 
P. sericata may suggest more probably that 
parasitic forms may evolve from such stems and 
is in harmony with the known tendency to facul- 
tative parasitism of this group. The activity of 
lactase is produced by the intestinal microflora. 
This is substantiated by the experimental evidence 
presented in the following section dealing with 
symbiotic association. 

SYMBIOTIC ASSOCIATION 

Microorganisms of Intestinal Tract.—As stated 
by Steinhaus (1946), ‘‘“Entomologic literature is 
filled with names given to bacteria, references to 
which are not found anywhere in bacteriologic 
literature.... To add to the confusion, many 
investigators have not attempted to identify or 
to classify properly the bacteria they have 
isolated or found associated with insects.” 

Consequently an attempt was undertaken to 
isolate and determine only the aerobic and 
facultative bacteria which were repeatedly re- 
covered from at least three experimental tests 
from the larval intestinal tract of Sarcophaga 
cooleyi, Eucalliphora lilaea, and P. lerrae-novae. 
These are listed as follows: Proteus vulgaris, 
Proteus species, Pseudomonas fluorescens, Pseu- 
domonas aeroginosa, Micrococcus pyogenes var. 
albus, and Sarcina flava. 

In addition, Bacillus subtilis, Escherichia coli 
and E. freundii were isolated only once from larval 
intestinal tracts of S. cooleyi, E. lilaea, and P. 
lerrae-novae, respectively. On the other hand, 
Sarcina lutea, Gaffkya tetragena, Micrococcus 
pyogenes var. albus, Bacillus subtilis, Proteus 
species, and Pseudomonas fluorescens were re- 
peatedly isolated from the putrefied liver used in 
rearing the three species studied. 

Development of Sterile Larvae——There was a 
great difference in the rate of growth between 
larvae reared aseptically on LIA or SBA and the 
nonsterile larvae reared on the same culture 
media. 

Larvae reared on nonsterile culture of either 
LIA or SBA grew normally, attaining full growth 
in approximately the same time required for 
larvae reared on natural diets of liver or dog 
biscuits. 
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Table 2.—A comparison of digestive enzymes in the alimentary canal of fly larvae reared under 


| 


Salivary 


Gland Esophagus 


Species 





. regina 
Trypsin 
Butyrase 
Maltase.. 
Sucrase. . 

. terrae-novae 
Trypsin. 
Butyrase... 
Maltase 
Sucrase 

i. lilaea 
Trypsin. . 
Butyrase 
Maltase 
Sucrase 


two sets of conditions as indicated* 


Crop 


Midgut 
ee Hindgut 
B 


Naturally Contaminated Larvae 


Sterile Larvae 


. regina 
Trypsin 
Butyrase 
Maltase 
Sucrase 

. terrae-novae 
Trypsin 
Butyrase 
Maltase.. 
Sucrase 

. hilaea 
Trypsin 
Butyrase 
Maltase 


Sucrase 


a+ =pronounced positive activity; +=positive activity; = =only faint activity; —= 


faint activity in a single case of all replicates. 


In comparing the two sterile media, the results 
obtained showed that those larvae grown on 
autoclaved LIA did not mature at all, but re- 
mained for over 2 weeks in a size corresponding 
to that of the second instar and then died. 
Both P. regina and P. terrae-novae displayed a 
higher resistance to this artificial condition than 
did E. lilaea. In the case of the last species, the 
majority of larvae died within a period of from 
8 to 12 days as compared to 14 to 17 days in the 
case of the other species. On the other hand, 
those larvae reared on SBA grew satisfactorily 
but attained full growth in relatively longer time 
as compared with larvae reared under the natural 
condition of a liver diet. In this case the larval 
feeding period was prolonged from 5 to 7 days 
but no effect on the pupation period was noticed. 
The flies that had emerged, however, appeared 
to be normal except for size. Both larvae and 
adults were relatively smaller than those reared 
on a liver diet. No success was achieved in 


no activity; ?= only 


rearing any of the species on SBA beyond the 
second generation. 

Enzyme Distribution of Sterile Larvae —To 
ascertain what enzymatic activity was due to 
intrinsic digestive enzymes and not to action of 
bacteria inhabiting the intestinal tract, the diges- 
tive enzymes of sterile larvae were determined 
and compared with those of nonsterile larvae. 

Considerable care was exercised in dissection 
so as to obtain the most nearly sterile conditions. 
All instruments, vials, and tubes were autoclaved. 
The instruments were further dipped in 95 per- 
cent alcohol and flamed prior to and after dis- 
secting larvae. The methods employed for 
enzyme determination were the same as those 
used previously. A summary of the results 
obtained from two sets of three species of fly 
larvae reared aseptically on SBA are presented in 
table 2, together with those enzymes reported to be 
present in the digestive tract of larvae reared under 
naturally contaminated conditions of liver media 
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In comparing the results of the two sets of 
conditions, we note that the only significant dif- 
ference in enzyme type and distribution is the 
absence of carbohydrases in the sterile larvae. 
The only digestive enzymes present in the various 
portions of the digestive system of sterile larvae 
were trypsin and butyrase. 


DISCUSSION 

The most abundant forms of intestinal micro- 
flora were found to be gram-negative rods. Next 
in abundance were the gram-positive cocci. The 
majority of the gram-negative rods did not 
ferment lactose. This is in agreement with the 
findings of Hobson (1932) for the blow fly, P. 
sericata. Hobson, however, made no attempt 
to isolate and determine the forms encountered. 
One other point which might be of interest is that 
no spore-forming organisms were isolated from 
any of the species studied except in one instance 
where Bacillus subtilis was isolated from the 
intestinal tract of S. cooleyi larvae. In this 
respect, Duncan (1926) reported a bactericide 
occurring in the gut of muscid fly larvae and 
other insects which is toxic to spore-forming 
organisms. The significance of this coincidence 
remains to be established. It is probable that 
Bacillus sublilis is a contaminant since it was 
isolated only once from larval intestine of S. 
cooleyi. 

According to Bogdanov (1906), the larvae of 
Calliphora vomitoria failed to develop in the 
absence of microorganisms. On the other hand, 
Hobson (1932) was able to rear the larvae of 
P. sericata aseptically on autoclaved sheep brains 
but not on autoclaved muscle. Similarly, Fletcher 
and Haub (1933) succeeded in rearing P. regina 
on lean beef sterilized by what they call ‘‘slow 
heating process’’ but not on autoclaved lean beef. 
The results obtained in this investigation with 
SBA show that the presence of bacteria seems 
to improve the growth rate of larvae, since 
sterile larvae reared on SBA were retarded from 
5 to 7 days. In addition, both larvae and adults 
were undersized. These findings are in partial 
agreement with the findings of Hobson (1933), 
who found that while sterile blood is an inade- 
quate diet for Phaenicia sericata larvae, it can be 
made adequate by the addition of yeast as a 
source of ‘“‘vitamin B.’”’ This hypothesis was 
advanced by Wigglesworth (1936), who suggested 
that blood is deficient in vitamin B and proved 
that symbiotic organisms in exclusively blood- 
sucking insects such as Rhodnius prolixus provide 
an endogenous source of vitamins. In the case 
of LIA, larval growth was entirely lacking. It 
appears that such treatment of the rearing media 
destroys some growth factors (such as thiamin, 
which is known to be highly sensitive to heat), 
and/or coagulates the protein content of the 
media and renders it insoluble. 

The absence of lactase, maltase, and sucrase 
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from the sterile larvae seems to indicate that 

hydrolysis of these sugars is due to bacterial 

action. On the other hand, the presence of 
trypsin and butyrase in sterile larvae shows that 
both enzymes are secreted by the larval gut. 

Thus the action of both enzymes is not aug- 

mented by bacterial synthesis. 
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A METHOD FOR REARING LARVAE OF CTENICERA AERIPENNIS 
DESTRUCTOR (BROWN) (COLEOPTERA: ELATERIDAE) 
ASEPTICALLY IN TEST TUBES' 


Gok: 


DAVIS? 


Entomology Section, Canada Department of Agriculture Research Laboratory, Saskatoon, Sask 


ABSTRACT 


Of 543 larvae reared aseptically on synthetic diets 
provided as powder below a moist absorbent cotton 
substrate, 88 percent survived for 2 months, 76 percent 
for4 months. Of 272 larvae reared aseptically on pellets 
of the same diets above the moist cotton, 86 percent 


Precise studies of dietary requirements of many 
phytophagous insects have been limited because 
the consistency and the structure of synthetic 
diets have not been acceptable to the larvae. 
Most media for rearing phytophagous Lepidoptera 
have contained foliage of the usual food plant or 
some other plant material (Grison 1948, Welling- 
ton 1949, Beck and Stauffer 1950). Powdered 
cellulose has been added to agar media to produce 
a diet acceptable to larvae of the European corn 
borer (Bottger 1942, Beck and Stauffer 1950). 
Cotton linters have been used as carriers for the 
diet of pink bollworm larvae and may have 
supplied some nutrient to them (Beckman et al. 
1953). 

Agar-base media have been used in toxicological 
studies of elaterid larvae of the genus A griotes 
(Grison 1951), but danger of desiccation and 
contamination make this method suitable only 
for experiments of short duration. Larvae of 
the elaterid Conoderus falli Lane (=C. vagus 
(Candeze) ) have been reared in soil in test tubes 
(Dobrovsky 1954); however, the soil substrate 
prevented the use of chemically defined diets. 

Numerous methods were investigated to obtain 
one that would permit the use of synthetic diets 
and would provide a nutritionally inactive and 
aseptic substrate for the rearing of larvae of 
Ctlenicera aeripennis destructor (Brown). Field- 


survived for 2 months. Those reared on pellets gained 
three times as much weight in 2 months as did those 
reared on the powdered diets in 4 months. Twenty-six 
percent of all larvae could not be reared aseptically 
because of fungal and bacterial contamination from the 
larval gut. 


collected larvae were reared for short periods in 
petri dishes containing torn filter paper moistened 
with distilled water, but asepsis was difficult to 
maintain. Sheets of filter paper coated with 
diet, which had been satisfactory for rearing 
larvae of the saw-toothed grain beetle, Ory- 
saephilus surinamensis (L.) (Davis 1956), were 
not satisfactory for rearing C. a. destructor 
because a humid atmosphere could not be main- 
tained around the larvae. 

Agar-base media used successfully in the cul- 
ture of larvae of the spruce budworm (Wellington 
1949), the onion maggot (Friend and Patton 
1956), and larvae of the European corn borer 
(Bottger 1942, Beck and Stauffer 1950), and in 
toxicological investigations of larvae of Agrioles 
sp. (Grison 1951) were unsatisfactory for larvae 
of C. a. destructor. These larvae accepted them 
extremely well, but were incapable of extricating 
themselves if they penetrated the media for a 
distance greater than two-thirds their body 
length. Dr. C. E. Woodworth, U.S.D.A., Walla 
Walla, Washington (personal communication), 


‘Contribution No. 7, Canada Department of Agri- 
culture Research Laboratory, Saskatoon, Sask., Canada. 
Technical and photographic assistance of Messrs. F. T 
Eves and R. B. Lowe are gratefully acknowledged. 
Accepted for publication July 22, 1958. 

2Associate Entomologist. 
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made a similar observation concerning the sugar- 
beet wireworm, Limonius californicus (Mann.). 
Thick suspensions of powdered diet in distilled 
water, added to test tubes containing absorbent 
cotton, were autoclaved at 15 p.s.i. for 20 minutes. 
Penetration of the dietary media did not occur 
during autoclaving or after the tubes had stood 
for lengthy intervals. When the suspensions 
were placed in the test tubes before the absorbent 
cotton was added, the vapor produced during 
autoclaving forced a separation of cotton and 


Fic. 1.—A wireworm that has molted on top of the 
absorbent cotton burrows toward the powdered diet 
below the absorbent cotton. 


diet, which left a dry upper layer without means 
of becoming damp, and a thick, soup-like lower 
layer in which the larvae were likely to drown. 
However, a modification of this technique, 
though it has not been tested for rearing from 
egg to adult, provided a successful method of 
rearing larvae of C. a. destructor aseptically on 
synthetic diets in test tubes for nutritional studies. 


DESCRIPTION OF METHOD 

Eleven synthetic diets were prepared with 
vitamin-free casein, bacteriological dextrin, 
Brewer’s yeast powder, cholesterol (Nutritional 
Biochemicals Corp., Cleveland, Ohio), and 
McCollum-Davis’s salt mixture No. 185 (General 
Biochemicals, Inc., Chagrin Falls, Ohio). In all 
diets the yeast, the salt mixture, and the chol- 
esterol were constant at 5, 2, and 1 parts, respec- 
tively. From one diet to the next the casein was 
increased by 10 parts, from 0 to 100 parts, and 
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the dextrin decreased correspondingly from 100 
to O parts. 

Each diet was mixed in a ball mill for 24 hours 
before use. One teaspoonful (approximately 1 
gram) of dry diet was placed in each of 25 test 
tubes, 147 mm. long and 15 mm. in diameter. 
One gram of absorbent cotton was inserted 
without tamping, and 3 ml. of distilled water 
were added. The tubes were stoppered with 
nonabsorbent cotton plugs, were allowed to stand 
approximately 2 hours, and were autoclaved at 
15 p.s.i. for 20 minutes. When the test tubes 
had cooled, they were numbered and placed in a 
sterile transfer chamber under ultraviolet light. 

Larvae weighing 13 to 28 mg. were used as 
test animals. They were weighed to the nearest 
0.1 mg. outside the transfer chamber and were 
placed in individual numbered vials. After the 
ultraviolet lamp had been turned off, they were 
introduced through an air lock into the sterile 
transfer chamber. Within the chamber, the 
larvae were immersed individually in a beaker 
containing equal parts 1:1,000 aqueous solution 
of mercuric chloride and 80 percent alcohol to 
effect external asepsis (Melampy and MacLeod 
1938), However, the time spent in this solution 
was reduced from 5 to 2 minutes. After they 
had been rinsed twice in sterile distilled water, 
the larvae were placed in their respective test 
tubes. 

The tubes were incubated at 68+2° F. and 
50+5 percent relative humidity. After 2 months 
the larvae were transferred aseptically to fresh 
tubes of sterile media and the rearing was con- 
tinued for another 2 months. The larvae were 
checked three times a week for mortality and 
molting. Each surviving larva was weighed to 
the nearest 0.1 mg. after 4 months, when the 
experiment was terminated. The difference be- 
tween the initial and the final weights was 
recorded in terms of milligrams per milligram of 
initial weight. 

Contamination on all diets was 26 percent. 
Because larvae from contaminated tubes in pre- 
liminary investigations were treated with the 
mercuric chloride and alcohol solution as many 
as four times without successfully creating 
external asepsis, those tubes showing evidence 
of fungal or bacterial contamination were dis- 
carded immediately. Apparently the contamina- 
tion originated in the larval gut and consisted 
chiefly of molds of the Rhizopus type, although 
unidentified bacterial contamination was present 
occasionally. 

Satisfactory humidity was maintained in the 
tubes of sterile cotton and synthetic media for at 
least 3 months. Larvae tunnelled in the cotton 
and in many cases entered the dietary media. 
They usually molted on top of the absorbent 
cotton, although a few molted in the tunnels. 
Seventy-six percent of the 543 larvae reared 
aseptically with this method (fig. 1) were alive 
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and apparently healthy at the end of 4 months. 
After the same period of time, only 57 percent of 
larvae of similar size survived on barley, the most 
satisfactory of several natural foods in terms of 
survival (Davis 1957). 

To prevent separation of absorbent cotton 
and diet, extreme care had to be taken in reducing 
the pressure of the autoclave after sterilization. 
To overcome this difficulty and to make the food 
more easily accessible to the larvae, the diets 
were provided in pellet form. After each diet 


Fic. 2.—Evidence of feeding on the pellet of diet which 
has been displaced from on top of the cotton during photo- 
graphy. Note exuviae in tunnel in cotton substrate. 


was removed from the ball mill, it was made 
into a thick paste by addition of distilled water. 
Pellets about 5 mm. in diameter were made from 
this paste and were allowed to dry in small petri 
dishes in a household refrigerator. 

For each of the 11 diets, 1 gram of absorbent 
cotton and 3 ml. of distilled water were added 
to each of 25 test tubes as before. When the 
water had penetrated the cotton, one pellet of 
diet was added to each tube and the tube was 
stoppered with a nonabsorbent cotton plug. The 
test tubes were autoclaved at 15 p.s.i. for 20 
minutes and the procedure from this point was 
identical to that for tubes with diet below the 
absorbent cotton. 

With this technique (fig. 2), 272 larvae were 
reared for 2 months. Contamination and larval 
acceptance of the substrate were the same when 
the diet was supplied as a powder. After 2 
months, an average of 86 percent of the larvae 
survived in comparison with 88 percent with the 
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former technique. With pellets, the larvae gained 
an average of 0.80 mg. per mg. of initial weight in 
2 months; with the powder, 0.25 mg. per mg. of 
initial weight in 4 months. The larger gain in 
weight, produced in half the time, suggested that 
the larvae fed to a greater extent on the pellets 
than on the powdered diet because the pellets 
were more easily accessible. 

This modification did not eliminate all dif- 
ficulties. It was impossible to make pellets from 
diets containing small amounts of dextrin. With 
such diets, small wafers were made, were allowed 
to dry, and were broken into small pieces for 
addition to the test tubes. During autoclaving, 
most pellets retained their shape but increased 
in size; however, some freshly made and some 
old pellets collapsed. Apparently some unde- 
termined critical point in the initial dryness of 
the pellet regulated retention of its shape. 

DISCUSSION 

This method of rearing appears ideal for use in 
nutrition studies of wireworms and possibly of 
other soil-dwelling insect larvae. It provides a 
nutritionally inactive substrate in which the 
larvae can burrow and in which excellent moisture 
conditions in the immediate environment of the 
insects can be maintained. The activities of the 
larvae can be observed as often as desired without 
disturbing them. Molting is easily observed be- 
cause it generally occurs on top of the absorbent 
cotton, although occasionally it takes place in 
the tunnels. Mortality can be detected readily 
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VEROMESSOR LOBOGNATHUS: SECOND NOTE 
(HYMENOPTERA: FORMICIDAE)' 


GEORGE C. WHEELER anp JEANETTE WHEELER 
Department of Biology, University of North Dakota 


ABSTRACT 


Previous reports of this rare ant are three from 
Colorado, one from Nevada, and a dubious one from 
Missouri. Three colonies have now been found in 
North Dakota, in 1954, 1957, and 1958, respectively, all 
on the steep south-facing wall of the same narrow valley 
in the Little Missouri Badlands. Two nests were in soil 
under flat rocks; the third was in soil under and near a 
grass clump, with a messy, irregular mound of excavated 
earth among the grass culms. Total populations, includ- 


Recently we reported (1956) our discovery in 
southwestern North Dakota of the rare ant, 
Veromessor lobognathus (Andrews), a putative 
mimic of Pogonomyrmex occidentalis (Cresson). 
We had collected it unknowingly in the summer 
of 1954 and found it in our collection in the 
winter of 1955-56. In the summer of 1956 we 
revisited the same south-facing slope (figs. 1 and 
2) but were unable to relocate the nest, pre- 
sumably because of drought. The summer of 
1957 was a wet season; by the end of June, 
Roosevelt National Memorial Park had already 
received 13 inches of precipitation, whereas the 
annual average is about 16 inches. On June 28, 
during our first hour afield, we relocated the same 
rock (fig. 3) and under it found a colony of V. 
lobognathus. We presume it to be the same 
colony (No. 556) that we sampled in 1954, 
although we have given it a different field number 
(2063). 

Plants? in the immediate vicinity of the nest 
were Eurotia lanata (Pursh) Mog. (winterfat), 
Gaura coccinea Pursh (gaura), Stipa comata Trin. 
and Rupr. (needle-and-thread grass), Bouteloua 
gracilis (H.B.K.) Lag. (blue grama) and Agro- 
pyron smithii Rydb. (western wheatgrass). Domi- 
nants on the slope are Artemisia tridentata Nutt. 
(big sagebrush), Muhlenbergia cuspidata (Torr.) 
Rydb. (plains muhly), Bouteloua gracilis and 
Agropyron smithii. The slope was eroded and 
much of its surface was bare. The nest was on a 
22° slope, above which was a moderately vegetated 
zone with a 15° slope and above that, a 35° slope 
with relatively little vegetation. 

The nearest nest of Pogonomyrmex occidentalis 
was 18 yards to the northwest and the next 
nearest 20 yards to the southeast. There were 
nine nests of this species within a radius of 60 
yards of the Veromessor nest and most of these 
were lower on the slope. 

The Second Colony.*—Up the same valley, 600 
yards to the southeast of colony No. 2063, a short 
deep steep-walled valley enters from the north. 


ing all stages and castes, in two colonies counted were 
1512 and 637, respectively. This harvester ant was 
collecting and storing seeds of grasses when studied in 
June and July. It is not aggressive and seems unable to 
sting, but its bite is annoying. Its most remarkable 
characteristic is its thoroughly deceptive resemblance 
to the common western harvesting ant Pogonomyrmex 
occidentalis (Cresson); in fact, it fulfills all the require- 
ments of Wallace's Rules of Batesian Mimicry. 


In the floor of this tributary valley an intermit- 
tent stream has cut a steep-sided gulley about 
4 feet wide and 3 feet deep. On the western 
brink of this gulley we found our second North 
Dakota colony (No. 2082). The nest of this 
colony was not under a rock; it was in the soil 
under and near an isolated clump of grass 
(Bouteloua gracilis). Above the surface among 
the grass culms was a messy irregular mound of 
excavated earth. Soil in the vicinity contained 
numerous rock fragments of assorted sizes, but 
the mound itself was of earth only. Plants near 


the nest were Chrysothamnus graveolens (Nutt.) 


Greene (rabbitbrush), Artemisia tridentata, and 
Rhus trilobata Nutt. (ill-scented sumac). There 
were no Pogonomyrmex occidentalis nests in this 
tributary valley. 

The Third Colony.A—On June 13, 1958 we re- 
visited the same valley and, on the same south- 
facing slope on which we had found our first 
colony (No. 2063), we found our third colony of 
Veromessor lobognathus (No. 2134). It was 
located 85 yards farther up the valley and 45 
yards higher up the slope (fig. 2). Part of the 
nest was covered by a flat rock 30” x 18” x 3” 
(fig. 4), which was inclined at an angle of 45° 
from the vertical, and which faced southwest, 
thus receiving a maximum of insolation. There 
were two entrances under the southeastern edge 
of the rock near the lower corner. Near the same 
edge were three exposed entrances leading to 

'This study was aided by a grant from the Louis W. 
and Maud Hill Foundation. Accepted for publication 
July 28, 1958. 

2Dr. Ralph Dix, Marquette University, inspected 
the nest area, measured the slope angles and identified 
many of the plants. Dr. Vera Facey, University of 
North Dakota, identified the remainder from pressed 
specimens. 

3Locality: Billings County, North Dakota, sec. 12, 
T. 140 N., R. 102 W., Roosevelt National Memorial 
Park, 4 miles north-northeast of Medora, July 1, 1957. 

‘Locality: Billings County, North Dakota, sec. 12, 
T. 140 N., R. 102 W., Roosevelt National Memorial 
Park, 4 miles north-northeast of Medora, June 13, 1958. 
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chambers under bare soil. Also, near the lower 
edge of the rock, three separate holes and an 
eleven-inch crack were used as entrances to 
chambers under bare soil. Around all the 
entrances there were a few scattered particles of 
of soil but nothing to suggest a mound. A few 
plants’ of Oryzopsis hymenoides (Roem. and 


Fic. 1.—Looking west toward the Little Missouri 
River from the upper end of the tributary valley in which 
the three North Dakota nests of Veromessor lobognathus 
were found. The south-facing slope is on the right. 


Schult.) Ricker (Indian ricegrass), Chrysothamnus 
graveolens, Sphaeralcea coccinea (Nutt.) Rydb. 
(red mallow), Agropyron spicatum (Pursh) Scribn. 
and Smith (bluebunch wheatgrass), Gaura coc- 
cinea, and Eurotia lanata were near the nest but 
most of the surrounding soil was bare. Several 
dead stems of Salsola kali L. (Russian thistle) 


Fic. 2.—South-facing slope showing the positions of 
nest No. 2063 (to the left) and No. 2134 (on the right) 
as indicated by arrows. The wall rises about 300 feet 
above the floor. 


were near the entrances at the base of the rock. 
The nearest Pogonomyrmex occidentalis nest was 
20 yards to the west and at about the same 
elevation. 

When we lifted the rock, numerous chambers 
were exposed. The chambers covered by the 
upper half of the rock contained seeds and mixed 
brood of all ages. Winged males and females 
scurried into hiding in lower chambers. Brood 
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and sexual forms were also present under the 
caked dried soil beside the rock. 

Nest Structure—For nest No. 2063 crevices 
under the southeast edge of the covering rock 
served as entrances. Immediately under the 
rock were numerous chambers of well packed 
soil; seeds were more abundant in the chambers 


Fic. 3.—Rock under which nest of Veromessor lobo- 
gnathus (No. 2063) was found. The trowel handle is 4 
inches long. 


under the upper (i. e., higher up the slope) half 
and ants were more abundant in the chambers 
under the moister lower half. From the surface 
to a depth of one inch there were few ants and 
little brood, but seed-chambers were present. 
Between 1 and 2 inches we found few ants, no 


j : = - tat _—™* 
Fic. 4.—Nest of No. 2134. The 3” X 5” card is on a 
stake at the left end of the basal edge of the covering 


rock. Four white tabs at the right and one on the left 
point to entrances of chambers under bare soil. En- 
trances to the chambers under the rock are concealed in 
the dark shadow formed by the overhanging right-hand 
edge of the rock. 


brood and only a few seeds. At the 2-inch 
level we exposed many large chambers containing 
many workers. At the 3-inch level there were 
several large chambers, one of which contained 


5Robert Ralston, Ranger Naturalist, Roosevelt 


National Memorial Park, identified the plants. 
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Fic. 5.—Chambers immediately under the rock of nest No. 2063. 


workers and larvae. The queen was in a chamber 
between 4 and 5 inches deep. Between 5 and 6 
inches were a few workers. Just below the 6-inch 
level we found one chamber containing Stipia 
seeds. Below 6 inches we found no chambers. 

When we opened nest No. 2082 on July 1 we 
found chambers under an area 18 inches in 
diameter and to a depth of 5 inches. On July 2, 
after a heavy rain the previous night, we found 
two adjacent craters 2 and 3 inches in diameter. 
When we re-excavated the nest we found large 
larvae in a chamber about 11% inches deep; 
minute larvae and seeds were in a chamber 10 
inches deep. On July 3 we found a new crater 
about 3 inches in diameter on the western edge 
of our previous excavations. Pupae were present 
at 21% inches and deeper; larvae were present in 
chambers between 4 and 9 inches deep. We 
found the queen in a chamber 7 inches deep. 
Seeds were in the lowest chamber, i.e., 9 inches 
deep. 

The nest of No. 2134 was not excavated, be- 
cause we did not wish to risk damaging the only 
known living colony in North Dakota. 

To date there are seven reliable records for V. 
lobognathus: one in Nevada, three in Colorado 
and three in North Dakota. Nest data are 
available for five of these. The nest found by 
Cole in Nevada was under a small pebble mound; 
that found by Gregg in Colorado was under a 
rock. There was no information about the other 
two Colorado nests. (See Gregg, 1955). Two of 
our North Dakota nests were under rocks and 
one under an earthen mound. In summary: 


The trowel handle is 4 inches long. 


three nests have been found under rocks, one 
under a small pebble mound and one under a 
small earthen mound. 

Population—In 1957 we anesthetized colony 
No. 2063 lightly with chloroform and collected 
the entire population. Half the colony was 
returned to the nest-site in the hope that it 
would survive. But in 1958 we found no Vero- 
messor under the rock, which suggests that this 
method is not satisfactory. We preserved the 
entire colony of the second nest (No. 2082). 
The total counts for each colony are recorded in 
the following table. 

Harvesting. —At colony No. 2063 we watched 
workers bringing home seeds of Stipa comata and 
Oryzopsis hymenoides; seeds of both grasses were 
stored in the nest (July 10, 1957). We saw 
workers carrying only Oryzopsis hymenoides at 
colony No. 2082; seeds of both grasses, however, 
were in storage (July 1-3, 1957). We found 
seeds of only Oryzopsis hymenoides in the super- 
ficial chambers of nest No. 2134 (June 13, 1958). 
At no time did we see lines of foraging workers. 

Behavior.—According to our scattered observa- 
tions, activity outside the nest was greatly reduced 
around noon (11 a.m. to 12:30 p.m.) on hot 
(85° F. and above) sunny days. On a cloudy 
cool day about two dozen foragers were out at 
11 a.m. On sunny days we saw about the same 
number at 9 a.m. (78° F.), at 5:45 p.m. (83° F.) 
and at 8 p.m. (60° F.). The workers did not 
move rapidly at any time. 

When the nest was disturbed the workers were 
not especially aggressive and their defense did 
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not seem particularly effective. They would, 
however, bite readily and hold on tenaciously. 
One worker held on to the tender surface of a 
forearm for 10 minutes. It performed the usual 
motions of stinging but produced no sensation; 
apparently the sting did not even enter the skin. 
The bite, however, was painful for 30 minutes. 





Colony 
2082 


Colony 
2063 








Semipupae. 


Pupae.... 








Imagines.... 


winged 


wingless 











Total.. 

Mimicry.—We have already referred (1956) to 
the remarkable resemblance of Veromessor lobo- 
gnathus to Pogonomyrmex occidentalis. We can 
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think of no case among ants where the super- 
ficial similarity of unrelated species is so close. 
To be sure they can be distinguished easily with 
the unaided eye if examined closely in profile; 
and the nests are utterly different. But the 
similarities of color, size, habitus, locomotion and 
harvesting habit are extremely deceptive. 

Gregg (1955) has mentioned the possibility of 
mimicry and, although we do not have enough 
information to warrant a conclusion, we would 
like to point out how closely this case fulfills the 
requirements of Wallace’s Rules of Batesian 
Mimicry:— 

1. Both species occur in the same area and 
occupy the same station. 

2. V. lobognathus apparently cannot sting, 
whereas P. occidentalis has the most vicious 
sting of any ant in this area. 

3. P. occidentalis is one of the most abundant 
ants in the area; V. lobognathus is one of the 
rarest. 

4. V. lobognathus differs superficially from its 
congeners. 

5. The resemblances between V. lobognathus 
and P. occidentalis are superficial only and do not 
affect generic characters. 
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EFFECTS OF DDT ON THE RESPIRATORY ENZYMES OF THE MEALWORM, 
TENEBRIO MOLITOR LINNAEUS, AND OF THE HOUSE FLY, 
MUSCA DOMESTICA LINNAEUS! 


MARY C. BARSA ann DANIEL LUDWIG 
Department of Biology, Fordham University 


ABSTRACT 


The amount of inhibitation caused by 10-? M DDT 
increased with a decrease in enzyme concentration both 
with cytochrome oxidase and succinic dehydrogenase 
of mealworm and house fly homogenates; hence, DDT 
appears to be irreversible in its action. It is an inhibitor 
of cytochrome oxidase and succinic dehydrogenase, but 


Morrison and Brown (1954) and Ludwig, 
Barsa, and Cali (1955) reported the in vitro 
inhibition of cytochrome oxidase of insect tissue 
by DDT. Anderson, March, and Metcalf (1954) 
found the in vitro inhibition of succinic dehydro- 
genase while Pant and Dahm (1957) reported the 
in vivo inhibition of this enzyme. Sachlin, Ter- 
riere, and Remmert (1955) obtained a decrease in 
oxidative phosphorylation and the oxidation of 
the Krebs cycle substrates by treating homo- 
genates of house flies with DDT. 


not of alcohol, glucose, lactic, alpha-glycerophosphate, 
or isocitric dehydrogenases, or of the malic enzyme. It 
inhibits only the cyanide-sensitive respiration. The 
inhibition of the cytochrome oxidase activity of a 0.3 
percent homogenate of the house fly larva was 65 percent. 
This inhibition remained constant over a 2-hour period. 


The present experiments were undertaken to de- 
termine the in vitro effects of DDT on the activities 
of respiratory enzymes of the mealworm, Tenebrio 
molitor, and of the house fly, Musca domestica. 


MATERIAL AND METHODS 
Mealworm larvae were obtained from a mixed 
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180 


culture maintained at room temperature (approxi- 
mately 25° C.) and fed chick growing mash. The 
stock of house flies used in this study was a 
DDT-sensitive strain obtained from the Boyce 
Thompson Institute for Plant Research. The 
adults were kept at room temperature and were 
fed milk and sugar water. Eggs were laid on 
filter paper placed in the milk. They were re- 
moved daily and placed in the larval medium 
which consisted of animal pellets which were 
powdered and soaked in tap water. The larvae 
were also kept at room temperature. They were 


MINUTES 
oll, 4 oooh —! 
60 90 
Fic. 1.—Effect of 10-? M DDT on the activity of 
cytochrome oxidase in homogenates of house fly larvae. 
Upper graph, homogenate with sodium ascorbate and 


cytochrome c; lower graph, homogenate with sodium 
ascorbate, cytochrome c and DDT. 


collected as they crawled from the medium prior 
to puparium formation and were used at this 
stage. Before use they were washed in alcohol, 
according to the procedure followed by Cotty 
(1956), to remove surface bacteria. 

The insects were homogenized for 1 minute by 
means of a motor-driven glass homogenizer in 
0.03 M phosphate buffer, except for the study of 
isocitric dehydrogenase, where veronal buffer 
was used since the phosphate ion interferes with 
the activity of this enzyme. In all cases, the 
buffers were adjusted to a pH of 7.4. The 
inhibition of cytochrome oxidase by DDT was 
studied manometrically, using different concen- 
trations of homogenate, by the method of Morri- 
son and Brown (1954). The effects of DDT on 
the cyanide insensitive respiration were studied 
manometrically. Cytochrome c and sodium suc- 
cinate were placed in each Warburg flask together 
with different concentrations of KCN and with 
DDT dissolved in either acetone or ethyl alcohol. 
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KCN inhibition was determined by the method 
of Robbie (1946). The final concentrations in 
the flasks were: 


(a) 5 percent homogenate, 

(b) 0.6x10-* M cytochrome c, 

(c) M/10 sodium succinate, 

(d) 10°°*M DDT, 

(e) 1.67 percent alcohol or 0.4 percent acetone. 


The manometers were placed at a temperature 
of 30° + 0.01° C. Readings were made at 15- 
minute intervals for a period of 2 hours. During 
this time the manometers were rocked horizon- 
tally 100 times per minute. 


Table 1.—Inhibition of cytochrome oxidase with 1.5x10~* 
M DDT using different homogenate concentrations. 
Homogenate contained cytochrome c and sodium 
ascorbate. Readings are expressed as cu. mm. 

0./gram/minute. 


| 
s | 
| Oxygen Consumption 


Percent 


Homogenate , Inhibiti 
nhibition 


Concentration | 


lH 2| 
| Homogenate 
Homogenate | 5 


with DDT 

109.3 101 .: 7:3 
101.6 65 | 35.6 
135.9 58 57.3 
98.0 29.6 | 69.8 
48 | 10 78.9 


The activities of succinic, malic, alcohel, 
glucose, alpha-glycerophosphate, lactic, and iso- 
citric dehydrogenases and the malic enzyme were 
determined by the Thunberg method. For these 
determinations, 1 ml. of a 3 percent homogenate 
was incubated at 30° C. for 30 minutes to oxidize 
the endogenous substrate, and when DPN or 
TPN were needed, they were added to the homog- 
enate before incubation. In some experiments 
on the effects of DDT, the homogenate was also 
incubated for various periods of time (15, 30, 45 
or 60 minutes) with DDT. The homogenate was 
then placed in the side arm of the Thunberg tube. 
In the body of the tube were placed 1 ml. of 
1/10,000 percent methylene blue, 1 ml. of the 
substrate in M/25 concentration, and sufficient 
buffer to bring the final volume to 6 ml. When 
accessory compounds were needed for optimal 
activity of the enzyme (Ludwig and Barsa, 1958), 
they were added before the final dilution of the 
contents of the tube. The tubes were evacuated 
for 5 minutes, and were then inverted to mix the 
homogenate with the contents of the tube. They 
were then placed at 30° C. and the time required 
for 90 percent reduction of the methylene blue 
was determined by visually matching the color 
with that of a standard. 


OBSERVATIONS 
Each value given in the tables and graphs is 
an average of at least 10 determinations. The 
inhibition of cytochrome oxidase of mealworm 
homogenates with DDT is shown in table 1. 
The percentage inhibition is dependent upon 
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homogenate concentration, varying from 7.3 with 
2 per cent to 78.9 with 0.1 percent homogenates: 


Table 2 shows the effects of 10-* M DDT on 
the O. consumption of 5 percent homogenates of 
the mealworm in the presence of different con- 
centrations of KCN. In this experiment, alcohol 
caused an inhibition when used with the lower 
concentrations of KCN, but no additional inhibi- 
tion was produced with DDT dissolved in alcohol. 
When DDT was dissolved in acetone, a 60.8 per- 
cent inhibition was produced with 4x10 M 
KCN, 37.6 percent with 10-* M KCN, and no 
additional inhibition was obtained with 5 x 10~ 
M KCN. Thus it appears that DDT inhibits 
only the cyanide-sensitive respiration. 

No effects of 10-* M DDT were obtained with 
homogenates of either the mealworm or of the 
house fly on the activities of alcohol, glucose, 
lactic, alpha-glycerophosphate, or isocitric dehy- 
drogenases or of the malic enzyme. In these 
experiments two different solvents, acetone and 
ethyl alcohol, were used, and both the homogenate 
concentration and the time of incubation of the 
homogenate with DDT were varied. However, 
DDT did affect the activity of succinic dehydro- 
genase as shown in table 3. The time of incuba- 
tion of the homogenate with DDT had no effect 
on the amount of inhibition. With mealworm 
homogenates, DDT was more effective when dis- 
solved in acetone than it was in alcohol. In the 
former solvent, a 16.4 percent inhibition was 
obtained with a 1 percent homogenate; whereas 
with alcohol, there was no inhibition. With ace- 
tone as the solvent, DDT was not as effective 
with house fly homogenates as it was with those 
of the mealworm. In the former species, DDT 
in alcohol did not affect the activity of succinic 
dehydrogenase. 

Figure 1 shows the effect of DDT on the cyto- 
10->* M 


Table 2.—Effect of 


DDT on the respiration of 5 
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chrome oxidase activity of 0.3 percent homog- 
enates (final concentration in Warburg flasks) 
of house fly larvae as determined manometrically. 
DDT produced an average inhibition of approxi- 
mately 65 percent. The rate of O2 consumption 
and the degree of inhibition remained relatively 
constant throughout a 2-hour period. 


DISCUSSION 


The observation that the amount of inhibition 
produced by DDT increased with a decrease in 
enzyme concentration, both in the case of cyto- 
chrome oxidase and succinic dehydrogenase, 
agrees with the work of Morrison and Brown 
(1954) and of Ludwig, Barsa, and Cali (1955). 
According to the criterion of Ackermann and 
Potter (1949), DDT inhibition is of the irrever- 
sible type. 

Brown and Brown (1956) stated that DDT is 
without effect on cytochrome oxidase in vivo, and 
its inhibitory effect in vitro is an artifact due to 
the non-specific adsorption of the hydrophobic 
DDT colloidal particles to the hydrophilic tissue 
enzyme. If this is the case, DDT should inhibit the 
activity of all enzymes provided a dilute homog- 
enate is used. According to Brown and Brown, 
when the homogenate is concentrated the hydro- 
philic tissue colloids are adsorbed around the 
hydrophobic DDT particles, preventing the 
inhibition of the enzyme. However, in the 
present experiments even with very dilute homog- 
enates, succinic was the only dehydrogenase 
which was inhibited by DDT. Thus it appears 
that DDT is a specific rather than a nonspecific 
mechanical inhibitor. In vitro, it affects two 
enzymes of the succinoxidase system, cytochrome 
oxidase and succinic dehydrogenase. These ob- 
servations are in agreement with those of Morrison 
and Brown (1954), Anderson, March, and Metcalf 


percent 


homogenates of mealworm larvae treated with different concentrations 


of KCN. 
M cytochrome c. 


Concentration 
of KCN (molar) 


Control | 


Solvent 
Control 


All homogenates contained M/10 sodium succinate and 0.6x10™ 
Values are given as cu. mm. 02/gram/minute 


Percent 
Inhibitioa 


Solvent 
with DDT 


Alcohol (1.67%)* 


16.51 
14.04 


6.65 


8.16 
6.76 
6.65 


Acetone (0.4%)* 


4x10 17.13 
10-4 | 6.08 
5x10~4 4.73 


58 
02 
15 


“Final concentration in the homogen: 
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Activity is expressed as 1/time in 


minutes for the decoloration of methylene blue. 








Enzyme Activity 
Homogenate 

Homogenate with DDT 

with Alcohol | in Alcohol 


Homogenate 
Concentration | 
(percent) | 


0.063 
0.027 
0.012 
0.006 
0.005 
0.003 





0.018 
0.005 
0.004 


Percent | 
Inhibition 


Mealworm homogenates 


Rees fly sieilcenieiid 


Enzyme Activity 





Percent 
Inhibition 


Homogenate 
Homogenate | with DDT 
with Acetone | in Acetone 


0.055 
0.032 


0.046 
0.015 
0.008 0.002 
0.007 0.001 





0.019 
0.012 
0.007 


0.017 
0.010 
0.005 








(1954), Ludwig, Barsa, and Cali (1955), and 
Pant and Dahm (1957). The latter workers 
reported the in vivo inhibition of succinic dehy- 
drogenase but not of cytochrome oxidase. The 
specificity of DDT is further illustrated by the 
observation that it inhibits only the cyanide- 
sensitive respiration. 

The effect of DDT on the cytochrome oxidase 
activity of homogenates of the house fly is 
similar to that reported by Ludwig, Barsa, and 
Cali (1955) for those of the mealworm. In the 
present experiments, a 65 percent inhibition was 
obtained, whereas with the mealworm it was 
approximately 50 percent. However, DDT is 
not as effective an inhibitor of the succinic 
dehydrogenase activity of the house fly as it is 
on that of the mealworm (table 3). 
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OBSERVATIONS ON THE HOVERING AND MATING OF TABANUS BISHOPPI 
STONE (DIPTERA, TABANIDAE)'! 


R. L. BLICKLE? 


ABSTRACT 


Hovering activities of this horse fly took place be- 
tween 5:45 and 7:30 a.m., approximately, during a 44- 
day observation period in April and May, 1947, near 
Vero Beach, Florida. These activities were associated 
with the time of sunrise, but were somewhat delayed 
on cooler days as compared with warm ones. Areas for 
hovering seemed to be determined by the presence of 
complete circular openings in the tree canopy. Hover- 


The following is an account of the hovering and 
mating activities of Tabanus bishoppi Stone. In- 
cluded are descriptions of the hovering sites, an 
account of other insects associated with the 
hovering male flies, and a discussion of some of 
the factors affecting the hovering activity of the 
flies. 

The literature concerning hovering and mating 
of Tabanidae was reviewed by Bailey (1948). 
From his own observations and from the literature 
records he noted that most of the hovering and 
mating occurred in the morning. The present 
data on T. bishoppi shows that this species is 
also active in the morning. However, the mating 
of T. bishoppi occurs at an earlier hour than any 
previously noted for the various species of 
Tabanidae. Bailey (1948) also points out that 
several authors, including himself, have con- 
sidered the hovering of the males to be associated 
with mating activities. In this study the hover- 
ing activity of the male horse flies was definitely 
associated with mating. It is interesting to note, 
in this connection, that only one male and two 
female T. bishoppi were taken in the hovering 
area, other than those seen or taken during the 
hovering and mating activity, even though many 
hours were spent searching for Tabanidae, in and 
around the area at various times over a period 
of 5 weeks. 

Hovering Areas.—The hovering males of Ta- 
banus bishoppi Stone were first noted by Mr. J. S. 
Haeger, on April 7, 1957, in a wooded area 5 
miles west of Sebastian, Florida. Subsequent 
observations were made on 26 days, from April 
9 to May 22, at a location 1 mile south of the 
above area. The exact location of the observa- 
tion area was just west of the Sebastian River 
and north of the Florida State road 512. 

Two locations were used for most of the study, 
22 of the observations being made at one site and 
4 days’ data taken at a second site. The main 
location, of approximately 200 square yards in 
area, was situated so that the pine woods extended 
to the west and south for several hundred yards. 
One hundred yards to the east was a growth of 


ing flies were seen captured in flight by Bembix belfragei 
Cresson, and the presence of this wasp seemed to evoke 
increased wariness on the part of the Tabanus. No such 
reaction was noted for the syrphid fly Volucella pusilla 
Macq., which was often observed among the hovering 
horse flies. Mating of the Tabanus is described in 
detail, from the time of coupling until the activity was 
consummated and the flies left the area. 


live oaks, Sabal palms, and water hickories along 
the Sebastian River; a similar type vegetation 
was growing along a small creek 100 yards to the 
north. The second site, of about 125 square 
yards in extent, was northwest of the main area 
and separated from it by the creek. Pine woods 
extended for several hundred yards to the west 
and east of this area, while to the north the woods, 
after about 50 yards, gave way to open pasture. 
The creek with its vegetation, as mentioned 
above, was about 100 yards to the south. 

The dominant tree in the woods was long-leaf 
pine, Pinus palustris. The undergrowth was 
composed mainly of grass, saw palmetto, Serenoa 
repens, and stagger bush, Lyonia mariana. The 
height of the undergrowth, where the flies 
hovered, was from 18 inches to 3 feet. The tree 
canopy was from 20 to 30 feet above the ground. 

Male flies were seen to hover in four definite 
areas in these woods and not in any other part 
of the woods. The four areas had one common 
physical characteristic in that the pine trees, at 
the hovering site, formed an arena and the 
opening in the tree canopy was completely 
encircled by the tops of the trees forming the 
arena (fig. 1). These open areas in the canopy 
were irregular, varying from 10 to 25 feet across. 
However, the area in which Mr. Haeger first 
saw the hovering males had an opening in the 
canopy about 50 feet across; also, in this area 
the trees were taller and the canopy higher from 
the ground. An examination of large open areas 
and areas under pine trees where the canopy was 
not completely encircled failed to disclose hover- 
ing male horse flies. 

The part of the ‘‘arena’”’ where the flies hovered 
was of interest. When the number of flies was 
small, they would all be hovering beneath the 
open canopy and on that side of the opening 
away from the direction of the wind. Thus, if 
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an east wind was blowing the flies would be found 
on the west side of the site. As the number of 
flies increased the group would extend laterally 
and to the leeward, only on rare occasions were 
flies noted on the windward side. On several 
days when the number of flies was large, some of 
the males on the edges of the hovering group 
would be outside of the area. It appears that 
the cho‘ve of site and the location in the site 
where the flies hover may be influenced by the 
light pattern in the canopy. Observations made 
on T. affinis aurilimbus Stone, in New Hampshire, 
show a similar pattern in the choice of a hovering 
site. These flies hover along dirt roads in the 
shafts of sunlight which filter through the tree 
canopy over the road. 

Hovering Activity—The hovering activity of 
male T. bishoppi occurred in the morning. The 
earliest fly observed was at 5:47 a.m. and the 
latest at 7:35 a.m. The males, as they hovered, 
faced into the wind and if the wind velocity was 
3 miles an hour or higher they would face in one 
direction constantly. When the wind was very 
light the direction in which the flies faced would 
vary, as on April 22. On this day there was 
practically no wind, the males could be seen 
facing in every direction. An individual fly 
would be facing west and then would change the 
direction toward which it faced four or five 
times a minute. Thus, it appears that wind is 
the factor which determines the direction toward 
which these flies face as they hover. 

Males seen hovering in winds of about 5 miles 
per hour or higher would move up and down or 
forward and backward. The up and down 
movements varied from 2 to 4 inches. The for- 
ward and backward movement, a sort of straining- 
at-the-leash movement, varied from 2 to 6 inches. 
The flies were probably unable to remain in a 
constant position because of the wind, and the 
above described movements resulted. 

The average length of the hovering activity 
was forty minutes. On 19 of the days, or 76 
percent of the time, the males were active for at 
least 30 minutes, and on 14 of the days they were 
active for 45 minutes or more. The duration of 
the hovering period changed from day to day, 
the shortest being 3 minutes and the longest 
60 minutes. The longest any one fly was seen to 
hover continuously in the area was 11 minutes. 
This occurred on a day when only one fly was 
present at any one time during the entire obser- 
vation period. 

The number of males coming into the area and 
hovering reached a maximum at the end of the 
first third of the activity period. The numbers 
then diminished gradually until there was only 
one left hovering during the last few minutes. 
This diminution in the number of males occurred 
at approximately the same rate, whether the 
female flies appeared or not. 

The number of flies hovering on the various 
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days was from 1 to approximately 75. When 
only one fly was present at a time, on a particular 
day, the hovering period was usually short. The 
length of the hovering period increased with an 
increase in the number of flies, until the number 
of those present, at any one time, reached 20. 
If more than 20 flies were present there was little, 
if any, increase in the length of hovering time 
with a further increase in the number of flies. 

The hum made by a group of hovering male 7. 
bishoppi is similar to that made by a group of 
bees working flowers in the tops of black mangrove 
trees. On April 22 when there were at least 75 
males hovering, the humming sound was quite 
loud. A check was made to ascertain from what 
distance the sound could be heard. There was 
practically no wind on this day and there were 
no other groups of hovering males within 200 
yards of the flies under consideration. The 
observer walked out of the range of sound and 
then approached the hovering males until the 
hum was audible. The audibility was checked 
from three different directions. The humming 
sound was audible for a distance of 150 feet. 

During the early portion of the hovering 
period it was noted that drops of clear fluid were 
passed by some of the males as they hovered. 
The number of drops passed by a fly would vary 
from one to four. This action was noted on 
12 of the days and probably occurred on others 
but went unnoticed. 

At the beginning of a hovering period, when 
only a few males are present, they are not very 
active. In several instances males were seen 
hovering as close as 8 inches to each other for 
several minutes. One male, observed for 3 
minutes at the start of a period, hovered in one 
“spot”, not moving more than a foot in any 
direction and staying at the same level. As 
more males moved into the area the whole group 
of flies became very active, darting forward and 
laterally, or ‘‘chasing’’ each other around the 
area. On several occasions when the males were 
very active, and “chasing” each other, a sort of 
“chain reaction’, as described by Bailey (1948), 
would set in so that there would be from 10 to 
15 males flying around the area at a rapid rate. 
At times they would collide with each other or 
with a palmetto leaf. When the flies struck a 
palmetto leaf the impact was audible for a dis- 
tance of at least 15 feet. When a female fly 
appeared and copulation occurred, the male 
flies became less active and hovered rather 
quietly. After the female flies had ceased to 
appear, near the end of the observation periods, 
the males became more active again. 

Occasionally a male would be seen dropping 
down and alighting on the undergrowth. The 
fly would remain there for a few minutes and then 
would resume hovering. This usually occurred 
near the end of a hovering period. 

One activity of the male flies which occurred 
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during the latter part of several hovering periods 
was quite interesting. The action was first noted 
by Dr. M. Provost and others on April 13, 1957. 
Male flies were noted hovering and as they were 
observed one or more of the flies would slowly 
ascend, approximately straight up, until the fly 
reached the canopy. After reaching the canopy 
the fly would dart, in a zigzag path, back down 
to a position just above the undergrowth. This 
action was repeated several times until the flies 
left the area at 0725 hrs. A group of 25 male 
flies were under observation at the same time, 100 
yards to the north; however, the ‘‘ascending”’ 
activity was not observed there although these 
flies stopped hovering at exactly the same time 
as those did above. Similar action on the part 
of male flies was seen on April 22, 23, and 24, 
near the end of the activity period. The males 
on the last three dates did not rise straight up, 
but drifted backwards, with the wind, for about 
15 feet as they ascended to the canopy, the 
angle of ascent being about 45 degrees. After 


Hovering and Mating of Tabanus bishoppi 


Schematic representation of tree canopies in three of the hovering sites, as viewed from the ground 


reaching the canopy these flies darted down to 
just above the undergrowth. In some cases they 
resumed hovering, others left the area after flying 
back down to within 2 or 3 feet of the ground. 
Five male flies observed on April 24 arose to the 
canopy in a zigzag or circling motion. As these 
flies drifted backward and ascended they would 
dart a few feet to the side or forward and then 
would rise a few feet before making a darting 
motion again. These flies drifted backwards for 
approximately 30 feet before the canopy was 
reached. None of these five flies flew back 
downward, but left the area. Those flies which 
left the area, after they had reached the canopy, 
had drifted out from beneath the circular opening 
in the canopy. The flies that darted back down 
were still under the opening in the canopy. 
Mating Activity.—The first copulating pair of 
T. bishoppi was seen on the fifth day of the obser- 
vations. It was entirely possible that copulation 
had occurred on the four previous days but was 
not seen by the observer. The flies were seen 
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to copulate on 18 days. The largest number of 
couplings seen on any one day was 20. Since 
there were an estimated 75 males present in the 
area on the above day, it was unlikely that one 
observer would have noted all of the activity, 
and the 20 noted copulations would fall short of 
those actually taking place. As would be 
expected the greatest number of couplings 
occurred on those days when there was a large 
population of males and presumably a large 
population of females. However, in contrast to 
the above, on three different days copulation 
was seen to occur when there were only four, one, 
and one male flies, respectively, observed for the 
entire hovering period. 

The female flies appeared in the area from 5 
to 25 minutes after the first male fly was seen. 
The average time from the appearance of males 
to that of females was 14.2 minutes. The time 
of the first noted copulation being used as the 
time of appearance of the first female. 

When a female fly came into the hovering area, 
one or more males would dart after the female, 
and one of the males would be successful in coupl- 
ing with the female. The coupling action took 
place in the air. The height at which the pair 
coupled was determined by the height at which 
the female was flying. This varied from 4 to 
eight feet above the ground. The time from the 
appearance of a female until coupling occurred 
was from 2 to 3 seconds. After a male had 
coupled with a female, the other males, if more 
than one had darted after the female, would 
resume hovering. When copulations were occurr- 
ing there was no ‘chain reaction’’ of males, as 
noted previously in the absence of females. After 
the flies had coupled they were noted in the air, 
the male above the female, the tips of their 
abdomens joined. The head of the male was 
above the thorax of the female and the male was 
grasping the female with the two anterior pairs 
of legs. Both insects were flying, the male more 
actively than the female; however, the wing 
beat was slow in comparison to that of an indi- 
vidual flying alone. The flies slowly dropped 
to the undergrowth, sometimes straight down but 
usually descending at an angle from the point 
at which they coupled. This descent took from 
2 to 5 seconds, depending on the height at which 
the pair joined. Just before reaching the under- 
growth the male would release its hold on the 
female and the female would stop flying and 
drop below the male, the pair being held together 
only by their genitalia. The male would then 
alight on the grass, palmetto leaf, or on any 
object which presented itself at that time. The 
female, immediately after the male had alighted, 
would be resting on its dorsum if the pair had 
come to rest on a palmetto leaf or on the ground. 
If the male was grasping a small twig or a blade 
of grass, the female would usually hang below 
the male, held only by the genitalia. The 
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passive action of the female T. bishoppi agrees 
with that observed by Hine (1903) in the case of 
T. sulcifrons Macq. and of Bailey (1948) on T. 
nigrovittatus Macq. It is in direct contrast to 
the observations by Philip (1942), on mating 
Hybomitra metabola McD., in which the males 
were suspended limply below the females. About 
1 minute after the pair had alighted, during which 
time there was no apparent movement on the 
part of either fly, the female would right herself 
and rest upon its legs for the remainder of the 
copulation period. However, in one instance the 
female remained quietly on its back for the entire 
copulation period, righting herself only after the 
pair had separated and the male had left the area. 
The flies were usually quiet during copulation, 
although in a few instances the abdomens of the 
flies pulsated for at least part of the period. 
After the pair had been in copula for about 5 
minutes they separated. The male left the arez 
first, about 10 seconds after the separation. The 
female remained for approximately 1 minute 
before leaving the area, usually quietly resting, 
although in a few cases the female crawled to 
another position on the leaf or grass. The 
average time for the entire copulation period for 
30 pairs of flies was 5.1 minutes. One pair was 
seen to remain coupled for 9 minutes, but all 
other pairs observed were joined together only 
4 to 6 minutes. 

The male flies did not resume hovering after 
they had copulated, but left the area. The 
female flies also flew away from the area and in 
no instance was there an attempt on the part 
of the hovering males to copulate with these de- 
parting females. The females seemed to fly 
more slowly and at a lower elevation as they left 
the area than they did upon entering the area. 

The male seemed to be the one that determined 
whether the flies released or remained in copula. 
This was indicated by the passive part the female 
played as the male prepared to alight and for the 
first minute after the pair had landed. In one 
instance a male fly was seen to alight on a bare 
twig of Lyonia mariana, the male was grasping 
the twig and the female was hanging head down- 
wards. The female was in such a position that 
it could not right itself by grasping any object, 
so that for the entire 5 minute period it remained 
hanging below the male, held only by the genitalia. 
The female fly moved its legs from time to time 
during this period. At the end of 5 minutes the 
pair separated and the female dropped to the 


EXPLANATION OF FIGURE 2 


Fic. 2.—Hovering activity of T. bishoppi Stone. Verti- 
cal lines represent hovering periods; cross lines on ver- 
ticals the first mating on that day; E and B, calculated 
regression lines for the end and start of hovering; S, 
sunrise. Temperatures shown are those recorded at the 
start of hovering. 
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pine needles, landing on its head. The female 
righted itself on its legs, remained in this position 
for a minute, then left. 

In a few cases the female attempted to fly 
while coupled with a male. On April 21, at 
6:27 a.m., a pair coupled and came to rest on a 
palmetto leaf. At 6:31 the female attempted to 
fly and actually became “airborne”. The male 
was able to retain its grasp on the leaf, and 
after about 10 seconds the female dropped back 
to the leaf, remaining there until the pair sep- 
arated at 6:32. On a later date a female was 
seen attempting to fly after the pair had alighted. 
Here again the attempt was not successful, 
although the female became airborne. A second 
attempt by the female fly resulted in the male 
releasing its grasp on the leaf and the pair flying 
to another plant 3 feet away. Here they re- 
mained for 3 minutes before separating, copula- 
tion presumably having been completed. 

In those cases where the female attempted to 
fly after the pair had alighted, the female was 
always larger and male smaller than the average. 

In contrast to the above actions, another pair 
of flies were seen in copula, the male below the 
female. This pair alighted on a blade of grass. 
After resting on the grass for about 1 minute the 
male apparently lost its grasp on the grass and 
attempted to fly. The female retained its hold 
on the blade of grass and after about 10 seconds 
the male fly settled back on the grass and became 
quiet While this pair was in copula the female 
was restless, in contrast to most pairs observed, 
and its abdomen pulsated very rapidly for the 
entire copulation period. 

Several pairs of flies did not drop to the under- 
growth but continued to remain airborne. The 
following observations were made. A male and 
female were seen in copula at a point 4 feet above 
the ground. The male in this case was above the 
female, both facing in the same direction. This 
pair flew into the wind, gradually ascending, with 
an occasional descent of a foot or so, until they 
reached the canopy, a height of about 15 feet. 
The linear distance covered during this action 
was approximately 20 feet. After reaching the 
above height, they wavered back and forth for a 
few seconds, then suddenly disappeared from 
sight. It was assumed that the pair separated 
and flew away, since the action occurred rapidly. 
The duration of this ascent was 30 seconds. 
Another pair was seen joined together at a 
height of 6 feet above the ground. These flies 
did not remain in the “piggy-back”’ position. The 
male flew very actively and the female trailed 
along, also attempting to fly, both flies remaining 
coupled. These flies flew downwind for a distance 
of about 50 feet before they were lost from 
sight. It is possible that these latter flies were 
disturbed by the observer and reacted in this 
manner for that reason. Several pairs of flies 
that were deliberately disturbed, after they had 


Annals of the Entomological Society of America 


(Vol. 52 


coupled and dropped to the undergrowth, flew in 
a similar manner before alighting again. These 
flies then remained on the foliage until copulation 
was complete. The distance these disturbed 
pairs flew varied from 6 to 30 feet. 

On several occasions the female fly seemed to 
be the more active participant after the pair had 
joined in the air. One pair was seen in copula 
at an elevation of 5 feet. The male attempted 
to fly at the same elevation while the female 
dropped below the male and flew towards .the 
undergrowth. The female actually seemed to 
pull the male down to the palmetto leaf upon 
which they came to rest. The female fly was 
large and the male fly small, and since the female 
was flying downward, it could easily determine 
the direction in which the pair moved. Both of 
these flies landed so that they were resting on 
their legs on the leaf. The rest of the copulation 
activity was the same as that usually noted. 

The usual coupling action occurred with the 
male fly above the female fly. However, on 
three different days pairs were noted where the 
female fly was above the male as they were 
dropping to the foliage. Just as the pair reached 
the foliage the male would grasp the leaf and the 
female would drop below to hang free and rest 
on her dorsum on the leaf. The rest of the 
procedure was as usual. 

The abdomens of the flies as they coupled in 
the air, whether the male was above or below 
the female, would be joined in the same manner. 
The ventral part of the male abdomen would be 
in contact with the dorsal part of the female 
abdomen and the dorsal part of the male abdomen 
would be in contact with the ventral part of the 
female. There would be no difficulty in the 
parts of the genitalia coming in contact properly 
if the male was below. The female or male 
genitalia rotated 180 degrees when the female 
righted herself after the pair had alighted. The 
exact movement of the genitalia was not 
determined. 

On one occasion two males were seen pursuing 
a female. As the three flies came together one 
male was above the female and one was below. 
Both appeared to be attempting to couple with 
the female, and the male above was successful. 
The male below the pair “‘jostled’” the female 
several times before it resumed hovering. It 
seems possible that a male might couple from 
below the female in those instances where several 
males were pursuing a female at the same time, 
if the male fly on the underneath side were 
successful in eliciting the proper copulating 
response from the female. 

Presence of Bembix.—Observations were sus- 
pended on May 22, the number of flies seen on 
2ach of the last five visits to the hovering area 
being no more than one. It is possible that the 
end of the activity period of these flies was 
approaching and the population was decreasing 
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for this reason., However, the appearance of 
Bembix belfragei Cress. adults, during the last 18 
days of the study may also have contributed to 
the decrease in the male population. 

The wasps were first seen at 0610 hrs. on May 
4. The male flies had been hovering for 23 
minutes before the appearance of the first Bembix. 
On the remaining observation days Bembix were 
noted in the area before any male fly appeared, 
the wasps being seen first at approximately the 
time of sunrise. They would fly in and around 
the hovering area, sometimes being in view, at 
other times perceptible only to the ear, and fre- 
quently passing out of the sphere of observation. 
It seemed that these wasps were searching the en- 
tire wooded area rather than confining themselves 
to the hovering site under immediate observation. 
The elevation at which they flew was from 3 to 
6 feet above the ground. Occasionally a Bembix 
would be seen to alight on a saw palmetto leaf, 
remaining there for a minute or two before it 
resumed flight. The wasps, in each case, con- 
tinued to fly through the area after the last male 
fly had left, in some instances for as long as 30 
minutes. 

Five captures of hovering male 7. bishoppi by 
Bembix, were seen to occur, these taking place on 
May 4, 6, and 10. The wasp in each instance 
approached the hovering fly from the rear, 
captured it, and flew away from the area. 

On the first two days the Bembix were observed 
the hovering flies did not act any differently than 
they had on previous days. From May 8 to 22 
the T. bishoppi males did not hover continuously 
in one spot. If a Bembix came into the area 
where the male was hovering the male would 
dart to a place 10 or 15 feet away, hover momen- 
tarily, and then dart to another place and repeat 
the action as long as the wasp was in the area. 
If the wasp left the area the male fly would 
hover for a longer time, about 30 seconds, in one 
place before moving to another place. Sometimes 
the male horse flies would dart about and then 
leave the area when a Bembix made its appearance. 

The wariness shown by the male flies after the 
Bembix appeared contrasted greatly with their 
actions earlier in the study. At the beginning of 
the study it was possible to catch males with the 
bare hand, as they hovered, by approaching them 
from the rear. The observer was also able to 
watch the flies from a distance of 2 feet or less 
without their moving away, in many instances 
even if the fly was approached from the front. 
From May 8 on, any movement on the part of 
the observer caused the male fly to dart about 
rapidly. 

Factors Affecting Hovering—In general, the 
earlier the time of sunrise the earlier the male 
flies started to hover. Figure 2 shows the hover- 
ing periods noted on each day of observation. A 
line representing the time of sunrise, and lines 
calculated for the start and end of the hovering 
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periods are also shown. It will be noted that the 
calculated line for the beginning of hovering and 
the line representing sunrise are roughly parallel. 
However, readings made on the sky directly 
overhead, at the beginning of the hovering 
periods, varied from 35 to 320 foot-candles, with 
an average reading of 112.6 foot-candles. This 
seems to indicate that the relationship between 
the start of hovering activity and light intensity 
is not too critical. Since there was such a dif- 
ference in the foot-candle readings, other factors 
probably entered the picture and contributed to 
the variation. Several such factors as the 
occurrence of rainfall on the previous day, low 
temperature, and fog were considered as contrib- 
uting to variation noted in the start of hovering 
and in the variation in the length of the hovering 
period. 

On several occasions, notably on April 10, 12, 
and May 6, when the hovering was adjudged to 
have started late, it was noted that there had 
been a heavy or prolonged rainfall on the previous 
day. It is possible that when the horse flies were 
not able to move about freely due to inclement 
weather, and possibly unable to obtain nectar, 
the activity of the flies would be delayed on the 
next day. However, if as Bouvier (1945) suggests, 
the males die soon after mating and mating occurs 
just after emergence, then the rainfall might pre- 
vent or delay emergence with a consequent reduc- 
tion or delay of activity resulting on the following 
day. 

Dampness of the undergrowth and other foliage 
resulting from dew, or rainfall during the previous 
night, did not seem to affect the flies’ activity 
since on 64 percent of the days the foliage was 
considered to be wet. The relative humidity 
during the 25 days varied from 60 to 92 percent, 
the average being 82 percent. On all but two of 
the days the relative humidity remained constant 
for the entire observation period. 

From April 16 to May 4 the initial appearance 
of the male flies and the length of time they 
hovered was quite uniform. A ground fog was 
present on April 30 and May 2, and the male 
flies appeared at a later time than they did on the 
previous 5 days or on the following day. 

The temperatures recorded at the beginning 
of hovering are given in figure 2. The average 
temperature at the start of hovering was 19.6° C., 
with a low reading of 15.5° C. and a maximum 
of 23.0° C. The temperature readings are con- 
nected by lines to emphasize the increase and 
decrease as noted from day to day. It will be 
seen that as the temperature decreases the start 
of hovering begins at a later time. If a line is 
drawn connecting the points given for the start of 
hovering, the rise and fall in this line corresponds 
with the fall and rise in the temperature line. 
Thus, it appears that temperature is a main 
factor in influencing the beginning of the hovering 
activity on any one day. 
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The extreme change of hovering activity, and 
in the number of flies seen, from May 8 to 22 
yas probably due to the Bembix belfragei which 
were present at that time. 

Data on temperature, light intensity, relative 
humidity, and wind velocity were recorded 
throughout the observations. Eastern Standard 
time was used and all times were standardized 
with a chronometer maintained at the Ento- 
mological Research Center. 

Other Insects—Male syrphid flies, Volucella 
pusilla Macq., were present and hovering along 
with the males of T. bishoppi. On some days 
there might be only one of these flies present, on 
other days there would be as many as six. They 
were first seen on April 9 and were also present 
on the last day of the observations. These flies 
hovered very close to the tops of the saw palmetto 
plants and would occasionally drop below the 
tops of the plants and hover between them. They 
stayed in one spot for the most part, darting 
about infrequently. There were no female V. 
pusilla noted during these observations. 

The syrphids and horse flies did not appear to 
affect each other even though the syrphids would 
be hovering in the midst of a number of the 
horse flies. 

In contrast to the darting activities of T. 
bishoppi on the appearance of Bembix, the 
syrphids would drop down below the tops of the 
saw palmetto or alight on a leaf when the wasps 
were flying in the area. They would then resume 
hovering, above the plants, after the wasps left 
the area. 

Many Odonata were seen in the observation 
areas during the hovering activities; however, 
none of these insects were observed capturing 
male horse flies. For the most part the Odonata 
would be resting on the foliage and flew only when 
they were disturbed, although a few were seen 


THE TARANTULA, by WituiaM J. BAERG. University 
of Kansas Press, Lawrence. ix+88 pages, 19 figures 
(unnumbered). Price, $3.00. 

The author is well known for his forty years of study of 
American venomous arthropods and of the tarantulas in 
particular. The present book, well-written, thoroughly 
readable, and authoritative, is based on this experience. 
Its attitude is one of sympathy and friendship for a much 
maligned and misunderstood group of animals. The 
factual scientific contents are concerned with the life 
histories and behavior of tarantulas, their natural 
enemies, and the nature and effects of their poison. The 
most intensive study was made, naturally, on the 
Arkansas tarantula, which the author collected and 
observed in the field within walking distance of his 
home; but an interesting chapter, ‘‘In Quest of Tarantulas 
Elsewhere"’, takes us with him through some interesting 
experiences in our Southwest, Mexico, Central America, 
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flying about in the canopy 15 or 20 feet above 
the hovering males. 

On one occasion hundreds of Ephemeridae were 
seen ‘‘dancing’”’ in the air throughout the entire 
wooded area. Many of them were in the hovering 
site among the male horse flies, with the activity 
of each group being independent of and having 
no apparent effect on the other. 


Aside from the Bembix, only one _ other 
arthropod was seen to capture a horse fly, this 
being a spider. A pair of T. bishoppi, in copula, 
was seen to alight on a stagger bush, Lyonia 
mariana. About 30 seconds after they had 
alighted, they separated and the female flew 
away from the area. The male dropped to the 
ground and attempted to fly, but was unable to 
do any more than vibrate its wings. On close 
examination it was seen that a small spider had 
grasped the head of the male fly. After approxi- 
mately 5 minutes the male became quiescent. 
The fly and spider were then taken. 

The author wishes to express his appreciation 
to Mr. J. S. Haeger for calling attention to the 
hovering flies and for other aid; to Dr. M. W. 
Provost, without whose aid the study would not 
have been possible; and to the Insect Identifica- 
tion Laboratory, USDA, for determining the 
Bembix and the Volucella. 
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and elsewhere. Nothing is given of the taxonomy fo the 
tarantulas, and no attempt is made to elucidate this 
unsettled field. 

Dr. Baerg assures us that tarantulas make good pets. 
Most species, with some exceptions such as the Pana- 
manian Sericopelma communis, are harmless. They are 
long-lived and adaptable to captivity, and after one has 
overcome any idea that he might have had of the repul- 
siveness of a large hairy spider, one can become much 
attached to them, whether they are living in the back 
yard or in a terrarium. The reviewer's first memory of 
the tarantula dates to the time when, as a small boy in 
southern Colorado, he became a local hero by smashing 
one of these ‘‘ugly spiders’? with a croquet mallet. 
In later years he learned, through repeatedly observing 
and handling tarantulas (without ever being bitten) the 
truth of Dr. Baerg's contention that they are good and 
interesting neighbors. 

MAURICE T. JAMES. 
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ABSTRACT 


Eggs of the oriental fruit fly, Dacus dorsalis Hendel, 
the melon fly, Dacus cucurbitae Coq., and the Mediter- 
ranean fruit fly, Ceratitis capitata (Wied.) were incubated 
under variable temperatures in automatically controlled, 
air-conditioned bioclimatic chambers. Idealized tem- 
perature patterns, with fixed periodicities and diurnal 
ranges, and natural temperature patterns, characteristic 
of many United States localities, were studied; the 
results of both types of thermal environments, which 
were closely alike, were compared with constant- 
temperature results previously reported. Only at medial 

a O .° pp 
thermal levels (65 -85° F.) do egg development rates 
under regularly fluctuating temperatures agree closely 
with those at constant temperatures; at these levels, 
differences in the diurnal temperature range cause little 
or no change in rates. Below this medial zone, under 
variable temperatures there is an acceleration, and in 
the upper thermal levels a deceleration of development 
relative to that resulting from constant-temperature 
exposures, and the greater the diurnal variation, the 
greater are these effects. Exposures at the lower levels 


In attempts to estimate by means of laboratory 
experiments the effect of various physical environ- 


mental factors on an insect species in the field, 
consideration must be given to the fact that in 
most natural situations the magnitudes or in- 
tensities of such factors are not constant. In 


terrestrial environments such factors as tem- 
perature, humidity, and light fluctuate more or 
less regularly in patterns of 24-hour periodicity. 
These diurnal patterns themselves are not 
usually repetitive, but vary from cycle to cycle 
by reason of nonperiodic meteorological events, 
showing a general, seasonal trend only over 
periods of several weeks or months. In most 
temperate climates these seasonal trends in turn 
make up cycles of fluctuation with periodicities 
of 1 year, the annual cycle. 

Uvarov (1931) pointed out the importance of 
varying temperature studies on insect develop- 
ment, and reviewed the status of the few such 
studies published prior to 1931. Up to this time 
most work of such a nature involved either short 
exposures to high or low temperatures, followed 
by further incubation under favorable conditions, 
or alternate exposures to two different constant 
temperatures for various intervals of time 
throughout the developmental period. Since 
that time, important research based on these two 
methods has continued. In addition, detailed 
reports of the effects of field thermal conditions 
on insect development have gradually accumu- 
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involved temperatures near or even below the constant- 
temperature threshhold; in several cases completed 
development occurred after exposure to mean tempera- 
tures several degrees below that threshhold. Mean 
temperatures at high-level exposures never exceeded the 
constant-temperature upper developmental limit. Swift- 
est egg development under fluctuating temperature 
conditions occurred at mean temperatures 5 to 10 degrees 
below the temperature for most rapid growth under 
constant conditions; this maximum development rate 
was somewhat less under fluctuating conditions than 
when temperatures were held constant. When develop- 
mental rates for the egg stage of these flies are plotted 
against means of the fluctuating temperatures encoun- 
tered during exposure, the resulting curves, though 
exhibiting some slight sigmoidal character at the extremi- 
ties, approach rather closely a rectilinear relation. This 
is in contrast to the much more pronounced sigmoidal 
relationship of the corresponding curves noted in constant 
temperature studies. 


lated, some including interesting comparisons 
with constant temperature effects. What seem 
most noticeable by their scarcity are laboratory 
studies on the effects of smoothly varying, con- 
trolled temperatures on insect growth. This 
lack may be due to an inappreciation of the 
problem, but it is more probably due to instru- 
mentation difficulties. On the other hand, rela- 
tively simple equipment for automatically vary- 
ing temperatures in the laboratory was described 
as early as 1920 for studies on fruit-tree cold- 
hardiness (Potter 1920), and more recently for 
entomological work by Headlee (1929), Stone 
(1939), Wishart (1940), and Munger (1944). 
This need for evaluating in the laboratory the 
effects of physical environmental factors that 
fluctuate according to natural conditions has been 
recognized in the ecological studies conducted in 
Honolulu, T. H., on the three species of tephritid 
fruit flies occurring in Hawaii, namely, the 
oriental fruit fly, Dacus dorsalis Hendel; the melon 
California Citrus 
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fly, D. cucurbitae Coqg.; and the Mediterranean 
fruit fly, Ceratitis capitata (Wied.). For some of 
these investigations equipment was specifically 
designed to facilitate the studies, and observa- 
tions were made of the effect of various tem- 
perature and humidity patterns representative of 
selected mainland United States environments on 
the activity and development of the various stages 
of these insect pests (Flitters and Messenger 
(1953). Temperatures and humidities, fluctuat- 
ing continuously according to the actual patterns 
that occur in the field, were simulated in “‘bio- 
climatic chambers” or large air-conditioned 
walk-in refrigerators, within which samples of 
the different stages of the fruit flies were exposed. 
Techniques of these studies and some of the 
general results obtained have already been re- 
ported (Messenger and Flitters 1954). 

The egg stage of these species of insects is 
ordinarily hidden within the fruits upon which 
they breed. Information was required on the 
duration of the egg incubation period as affected 
by different conditions of temperature, on 
whether development to hatching had occurred 
or not, and on the approximate mortality resulting 
from exposure to such conditions. Dissection of 
eggs deposited within fruits was precluded by the 
need to carry such infestations through all the 
remaining pre-imaginal stages to adulthood. 
The most convenient way to determine such 
effects was to observe samples of the naked eggs 
exposed to the conditions under consideration. 
The basic assumption here was that naked egg 
samples react in the same manner and to the 
same extent as egg samples laid beneath the 
surface of fruits. 

Upon reading this manuscript, W. E. Stone, 
U. S. Department of Agriculture, Mexico City, 
Mexico, pointed out the possibility that develop- 
ment in the egg stage may be influenced (1) by 
the variety of fruit in which eggs are laid in 
nature, and (2) by the stage of maturity of the 
fruit. Although there is no known evidence 
of the former possibility, Crawford (1927), work- 
ing with the Mexican fruit fly, Anastrepha ludens 
(Loew), in Mexico, reported that development 
of eggs deposited in green fruit may be retarded 
as much as a month. Our own experience with 
the Hawaiian tephritids is that, at least in the 
medial range of temperatures, normal fruits in 
their normally attractive state for the respective 
species allow development to proceed at rates 
closely approximating those found for exposed 
eggs held under similar temperatures. 

What is desired is detailed information con- 
cerning the relationship between egg develop- 
ment and variable temperatures, particularly 
information for use in predicting the duration of 
development and amount of survival to be 
expected under many different patterns of vary- 
ing temperature conditions. Such a relationship 
must relate development not only to those vari- 
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able conditions actually encountered during the 
study, but also to those possible conditions that 
might be met within any other geographic 
position within the potential range of these 
species. Since natural temperatures vary ir- 
regularly and unpredictively it would be highly 
desirable to be able to assign a given effect to 
each individual temperature encountered during 
the incubation period. Presumably, this can be 
done through recourse to the accurately deter- 
mined relationship that has been established 
between egg development and _ constant 
temperatures. 

A definitive relationship between constant 
temperatures and fruit fly egg development has 
already been reported (Messenger and Flitters 
1958). In brief, the constant-temperature-velocity 
relationship of the egg stage is not linear, but 
sigmoidal, with decided downward curvature 
(slower rates) at the higher thermal levels. The 
biokinetic limits for development relative to 
constant temperatures are: Dacus dorsalis, 55.0° 
97.5°> D. cucurbitae, 52.5°-97.5°; Ceratitis capi- 
tata, 53.0°-96.0°. With the first two species the 
temperature for swiftest development is 92.5°; 
for the last it is 90°. At any given constant 
temperature, D. cucurbitae eggs develop at the 
fastest rate, and C. capitata eggs at the slowest. 
For use in computations, and for comparisons 
among species, the developmental totals (thermal 
constants) for the three species are, in the above 
order, 812, 660, and 1144 hour-degrees. 

The observations reported in the present paper 
on the duration of development of the egg stage 
of these three species of fruit flies are based upon 
exposures to variable temperature environments. 
The larger part of the data contained herein was 
obtained from studies based upon natural tem- 
perature patterns. However, because of the 
problems encountered in evaluating the different 
natural temperature patterns, and in attempts to 
reduce by some means the rather high degree of 
variability resulting from the myriad of different 
natural patterns encountered, additional studies 
were conducted involving idealized variable 
temperature patterns in which the mean tem- 
peratures and the diurnal range of temperatures 
were fixed for each day of exposure. The present 
report also attempts to synthesize a relationship 
between these observations and those deriving 
from the above-cited constant temperature rela- 
tion, and to provide some statistical security for 
purposes of predicting incubation times under 
the various natural temperature conditions en- 
countered in the basic bioclimatic study. 

PREVIOUS LITERATURE 

Considering the economic importance of these 
particular species of fruit flies, it is surprising 
that so little has been reported on the effects of 


5All temperatures given in this paper are in degrees 
Fahrenheit unless otherwise designated. 





1959] Messenger and Flitters: Effect of Variable Temperatures on Eggs of Fruit Flies 


natural temperature conditions on their develop- 
ment. Several investigators have reported ob- 
servations on the bionomics of these species, but 
most such observations refer only to duration of 
development of the different stages during various 
seasons of the year, with little or no mention of 
the temperature conditions existing at the time 
(Newman 1913, Maki 1921, Kato 1928, Koid- 
sumi and Shibata 1935, McBride 1935, Renjhen 
1949). The duration of the egg stage of Dacus 
cucurbitae, under the rather mild conditions 
existing in Hawaii, has been reported to vary 
from about 53 hours at a daily mean temperature 
of 73.6° to 27-28 hours at a mean of 79.5° (Back 
and Pemberton 1914). These temperature values 
appear to be averages of the daily mean tem- 
peratures existing during egg incubation and not 
the actual average temperature occurring from 
the time of oviposition to the time of hatching. 
In the same locality eggs of Ceratitis capitata 
hatched in 4-4.5 days at a daily mean tempera- 
ture of 68.7°, and in 48-50 hours at 79° (Back 
and Pemberton 1918). In neither of these 
reports was mention made of the range of tem- 
peratures encountered during incubation. In 
Formosa, the egg stage of D. cucurbitae has been 
reported to last 1 day in summer with mean 
temperatures in the range 77°-90°, and 4 days 
in winter with mean temperatures of 59°-65° 
(Koreishi 1937). Here again, no indications were 
given of the range of temperatures encountered. 

Therefore, although no exact relationship be- 
tween naturally varying temperatures and dura- 
tion of development seems to have been worked 
out for the different stages of these three species, 
work with other insects reveals certain general 
relationships involving this climatic factor that 
may be expected to apply in the present cases. 
In general, effects of variable temperatures are 
similar to those of constant temperatures, though 
the former have been observed and reported in 
the literature to a lesser extent than the latter, 
and reports concerning direct comparison between 
the two effects still less so. 

Perusal of most papers on insect bionomics 
indicates that duration of a stage exposed to 
natural thermal conditions is inversely cor- 
related with temperature, and in most cases this 
relation approaches a hyperbolic function (Lath- 
rop 1923; Bodenheimer 1925, 1951), though other 
accurately determined regressions have also been 
reported, such as the second-degree parabola 
(Rainwater and Allen 1939) and the exponential 
(English and Turnipseed 1941). In only a few 
cases has the relationship between naturally 
varying temperatures and duration of develop- 
ment been compared with constant temperature 
results (for examples, see Shelford 1927, 1929, 
Rubtzov 1938, Stellwaag 1940, Noll 1942, and 
Kozhanchikov 1946). The comparisons are well 
summarized by Pradhan (1945), who reported 
that at the lower temperatures development is 
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faster under variable conditions than under 
comparable constant temperatures, that develop- 
ment proceeds at lower mean temperatures than 
at the lowest constant temperature, that develop- 
ment under either type of thermal environment 
becomes quite similar at medial temperatures, 
and that at high temperatures variable conditions 
somewhat retard development. This generalized 
conclusion also appears to apply to the results of 
alternating temperature experiments as reported 
by Cook (1927), Peairs (1927), Ludwig (1928), 
Ludwig and Cable (1933), Ahmad (1936), Ryan 
(1941), and others, indicating that it has adequate 
support from a large majority of the investigations 
on this general topic to the present time. 


(a) fOr 


(b) 


(c) 


Ot i az) 


Fic. 1.—Theoretical, variable temperature patterns 
designed for evaluating the effects of mean temperature 
level and diurnal range on fruit fly egg development. 
Curve (a), 10 degrees diurnal range; curve (b), 20 degrees 
range; curve (c), 30 degrees diurnal range. Shaded sec- 
tions (d) are intervals of darkness; white sections are 
intervals of daylight. All curves with 24-hour periods. 


METHODS AND MATERIALS 

Two general types of variable temperature 
patterns were studied: (1) the natural tempera- 
ture patterns actually encountered in the field in 
various localities in the southern parts of the 
United States, and (2) a series of artificially con- 
structed patterns in which the temperature varied 
smoothly and regularly in a theoretical diurnal 
cycle with fixed means, maximums, and minimums. 

The term “‘variable temperatures” is used here 
to mean the relatively smooth and periodically 
fluctuating temperatures that occur from day to 
day in nature. It is desirable to distinguish this 
term, as so defined, from the term “alternating 
temperatures,’’ which has been used to describe 
experiments in which insects have been exposed 
to combinations of two or more constant tem- 
peratures in succession. The latter type of 
pattern, while serving to provide information 
relating constant and variable temperatures, 
still remains a largely artificial approximation to 
natural conditions, and involves sudden, possibly 
traumatic changes in thermal conditions whose 
effects on insect development are unknown. 
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The artificial or theoretical variable tem- 
perature patterns (fig. 1) were specifically designed 
to approximate as closely as possible the basic 
diurnal pattern occurring in nature. The shape 
of each cycle of these patterns was fashioned so 
that the minimum thermal level occurred between 
5 and 6 o’clock in the morning, the maximum 
level occurred between 2 and 3 o’clock in the 
afternoon, and the mean value fell midway 
between the high and the low. Each cycle was 
made to last 24 hours, and the cycle was repeated 
continuously throughout a particular experiment 
until completed. To vary the mean temperature 
of a particular pattern, it was merely shifted up 
or down, in toto, on the temperature scale with- 
out changing shape. 

The natural temperature patterns were taken 
from actual field conditions as recorded by 
hygrothermographs at various localities con- 
sidered to be important in the potential distribu- 
tion of these fruit fly species in the United States. 
These records were taken continuously through- 
out a complete year (sometimes for several years 
in succession), so that an entire annual range of 
temperature conditions for the particular locality 
was obtained. In any given study, the tem- 
perature conditions so recorded were simulated 
in sequence in most cases throughout at least one 
entire year, so that practically the entire actual 
thermal pattern occurring over the annual 
climatic cycle was studied. 

Egg samples were collected and held in the 
same manner as described for constant tem- 
perature studies with the same insects (Messenger 
and Flitters 1958). In place of constant tem- 
perature water baths, bioclimatic chambers were 
used to maintain the desired environments. 
These large air-conditioned chambers are ad- 
mirably suited for the simulation of variable 
temperature patterns, since the only restrictions 
on their performance are (1) no temperature rise 
or fall greater than 40 degrees per hour, (2) 
overall temperature limits —5° to +125°, and 
(3) accuracy of simulation +2°. With such 
instruments variable temperature patterns of any 
desired shape, with varying periods and ampli- 
tudes, may be reproduced, and any particular 
cycle may be repeated for as long as required to 
complete a study. 

In the theoretical temperature pattern studies 
freshly laid egg samples were introduced into the 
chambers daily, and at different times during the 
day; they were observed at 4-hour intervals for 
hatching, and then discarded. A particular pat- 
tern of variable temperatures was maintained 
within the chamber until completion of hatching, 
and then a new pattern, or a new thermal level, 
was reproduced. In the basic bioclimatic studies, 
involving natural temperature patterns, the egg 
samples were introduced into the chambers 
weekly, held to completion of hatch, and ‘then 
discarded. 
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In both types of studies—those based on 
artificial temperature patterns and those based 
on natural thermal patterns—while the relative 
humidities within the bioclimatic chambers were 
rigorously controlled, the egg samples were held 
within glass vials on water-soaked strips of filter 
paper. That is, the egg studies reported herein 
were maintained in environments saturated with 
moisture. Therefore, relative humidity was not 
a variable factor in these studies. 

In each type of study the median hatching 
period was used as a measure of the effects of 
temperature. Median hatching times for these 
variable temperature studies were estimated in a 
different manner from that used in constant 
temperature studies (Messenger and Flitters 
1958). In the latter studies medians were deter- 
mined by probit analysis. However, in the 
present studies, with temperatures changing con- 
tinuously during the hatching period, the number 
of eggs hatching per unit of time varied in an 
irregular manner, hatching being reduced in 
cooler thermal conditions and sometimes even 


interrupted for short periods of time when the 
conditions dropped below the hatching threshold. 
Therefore, median hatching periods were esti- 
mated to occur at the midpoint of the time 
interval between observations within which the 
50th percentile of the eggs hatching appeared. 


RESULTS 

Theoretical Variable Temperature Patterns. 
These experiments were designed primarily to 
show the relationship between duration of de- 
velopment of the egg stage and variable tem- 
peratures with different diurnal ranges, with 
emphasis on thermal patterns near the upper 
and lower limits of the biokinetic range. Such 
patterns, which are similar to those encountered 
frequently during some part of the year in the 
climates of the southern United States, occasion- 
ally involve short, sometimes repeated, tempera- 
ture excursions into the subthreshold and postopti- 
mal thermal zones, during which time, according 
to the constant temperature relationship, develop- 
ment should be interrupted. 

Table 1 gives developmental data for egg 
samples of Dacus dorsalis, D. cucurbitae, and 
Ceratitis capitata, respectively, exposed to theo- 
retical temperature patterns (fig. 1) in the bio- 
climatic chambers. The first column of the 
table gives the mean temperatures of the patterns 
reproduced, and, in parentheses, the mean tem- 
peratures actually occurring during the exposure 
periods; the latter may vary somewhat from the 
former when development is completed in more 
or less than even multiples of the 24-hour diurnal 
period. This variation becomes more noticeable 
at the shorter developmental periods, that is, at 
the higher temperature levels. 

The pattern range is the number of degrees 
between the daily maximum and minimum tem- 
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Table 1.—Duration of development of eggs of fruit flies exposed to various 
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*Mean temperatures of the fluctuating patterns and, in parentheses, actual 
mean temperature during the exposure period (the two become identical only 
when the exposure period covers exact multiples of the 24-hour cycle of 
the fluctuating temperature pattern). 

bFirst 58° test; eggs were laid and introduced into the chamber at 11:00 a.m. 
Second 58° test; eggs were laid and introduced into the chamber at 2:00 a.m. 

‘First 90° test; eggs were laid and introduced into the chamber at 10:00 
a.m. Second 90° test; eggs were laid and introduced into the chamber at 8:00 p.m, 
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peratures. For each pattern studied the mean 
temperature lies exactly halfway between the 
maximum and minimum points, that is, the mean 
lies at the midpoint of the range. 

The expected hatching times are based upon 
hour-degree accumulations derived from the con- 
stant temperature relation previously described. 
Effective temperatures (measured in degrees 
above the threshold of development, and including 
only thermal levels at which development can 
proceed to completion) were determined for each 
hour of exposure, and from these hour-degree 
summations were made until the developmental 
total had been accumulated, at which time 
development was estimated to be completed. 
For the three species, the thresholds above which 
effective temperatures were measured, and the 
developmental totals, have been given above. 

The results for the three species show some 
general relationships common to all. At the 
lower mean temperatures, the greater the diurnal 
range the more rapidly does development proceed. 
Also, development can be completed at mean 
temperatures several degrees below the corres- 
ponding constant temperature thresholds. How- 
ever, in these latter instances, the diurnal range 
must be sufficient to provide thermal levels high 
enough to give some developmental activity, or 
else complete mortality results. Eggs of Dacus 
cucurbilae were more resistant to low thermal 
levels, in this respect, and some recovery occurred 
at all diurnal ranges of the 52° mean tests. 

Similar relationships between duration of 
development and diurnal range were exhibited 
with the higher mean temperatures, and, at these 
thermal levels, recovery was considerably higher. 
However, in the medial range of temperatures 
(65°-85°) there was not much difference between 
patterns of identical means and different diurnal 
ranges. 

In the upper thermal levels a similar result 
seemed to occur, but in the opposite direction. 
With means of 90°, a diurnal range of 20 degrees 
gave good recovery at almost optimum develop- 
mental rates, but a diurnal range of 30 degrees 
reduced both recovery and rate considerably. 
The latter tests involved brief, repeated exposures 
to 105°, which probably had deleterious effects 
on egg development. 

In several tests exposure of the egg samples was 
commenced during the low-temperature phase 
of the diurnal cycle. These tests show that 
resistance to temperature extremes increases with 
age, at least so far as resistance can be considered 
to be measured by rate of development. If 
freshly laid eggs are exposed to excessively high 
or low temperatures, the overall incubation 
period becomes extended. (See Ludwig and 
Cable 1933 for similar findings with pupae of 
Drosophila melanogaster.) This effect is greatest 
when the initial exposure condition involves 
temperatures above 100°. Since these fruit flies 
usually oviposit in nature throughout the day 
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during warmer seasons, it would appear that 
eggs laid in the morning would be retarded in 
their development relative to similar eggs laid in 
the late afternoon hours. 

The variations in response of the eggs of the 
three species of fruit flies show that those of 
Ceratitis capitata are most sensitive to tem- 
perature extremes, as reflected in reduced hatch- 
ing percentages and more extended develop- 
mental periods. In contrast, eggs of Dacus 
cucurbitae seem the most resistant. 


Oacus dorsalis 


(Hrs.) 


Oocus cucurbitoe 


a 
° 


Median Developmental Time 


Cerotitis capiteta 


60 70 80 


Mean Temperature (°F,) 


Fic. 2.—Results of exposure of the eggs of three 
species of fruit flies to various natural temperature 
patterns. Median developmental periods (in hours) 
have been plotted against the mean temperature of 
exposure. Variations in diurnal range have _ been 
disregarded. 


So far as the various tests shown in table 1 go, 
development for the three species proceeds at 
the most rapid rate at mean temperatures of 80° 
in conditions of moderate (20-degree) diurnal 
range. Higher or lower mean temperatures, or 
higher or lower diurnal ranges, produce somewhat 
slower rates of growth. This gives an interesting 
comparison with the results of constant tem- 
perature experiments. In the latter, the tem- 
peratures giving swiftest development fell close to 
92.5° (90.0° for eggs of Ceratitis capitata). How- 
ever, for a variable temperature situation to give 
a mean value of 90°, there must be fluctuations 
into much higher thermal levels, which in turn 
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are deleterious to both recovery and rate of 
development. These latter effects are apparently 
not counterbalanced by the corresponding fluctua- 
tions in temperature to the lower thermal levels. 
Variable temperatures with means falling be- 
tween 80° and 90° may permit even swifter 
development than that reported in table 1. 
Natural Temperature Patterns.—The data shown 
in figure 2 were derived from experiments in 
which fruit fly egg samples were exposed to natural 
temperature patterns that were simulated in the 
bioclimatic chambers. These natural patterns 
were those encountered throughout the annual 
climatic cycles at various localities in the southern 
United States. Although the simulation of the 
variable temperature patterns was done in the 
laboratory, no attempts were made to smooth 
the shapes or irregularities of the diurnal cycles 
or ranges of such patterns. Therefore, such 
experiments are considered to approximate closely 
actual field studies in the localities concerned, and 
the resulting data are assumed to be quite similar 
to those that would be observed should these 
insect species have actually existed in these areas. 
Considering all the data for a particular species, 
the relation between mean temperature of ex- 
posure and the duration of development appears 
to be basically that of the equilateral hyperbola, 
especially within the medial limits 60°-85°. Below 
60° the duration of development tends to be 
shorter than that called for by the hyperbolic 
curve, and above about 85° (75° for Dacus 
cucurbitae eggs) developmental periods tend to 
be longer. Qualitatively, this is the same 
relationship as that found between egg develop- 
ment and constant temperatures. Quantitative 
differences are considered in more detail below. 
Figure 3 illustrates certain natural temperature 
patterns to which fruit fly egg samples were 
exposed. Each pair of patterns for the respective 
species provided the lowest and highest mean 
temperature values under which egg development 
carried through to the hatching point. The low 
temperature pattern for Dacus dorsalis eggs 
(mean temperature 52.4°) resulted in a median 
incubation period of 148 hours (range, 145 to 
161 hours) and a recovery of 44 percent. The 
lowest temperature experienced in this exposure 
was 34°, and for more than 55 percent of the time 
the temperature fell below the constant tem- 
perature threshold of 55°. In another test (not 
shown) with a mean temperature of 52.8°, eggs 
of D. dorsalis hatched after 148 hours (range, 144 
to 156 hours) after experiencing successive daily 
minima of 37°, 35°, 34° and 35°. In this latter 
test over 60 percent of the incubation period was 
spent below the constant temperature threshold. 
In no test throughout the entire study did egg 
samples of D. dorsalis hatch after exposure to 
temperatures below 32°. 
The lowest mean temperature at which eggs of 
Dacus cucurbitae hatched was 48’; the median 
incubation time in this test was 157 hours (range, 
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145 to 173 hours) and recovery was 80 percent. 
One hundred twenty-six hours (80 percent) of this 
time was spent at subthreshold temperatures 
(below 52.5°). In this particular test the lowest 
temperature reached was 40°. However, several 
tests in which hatching took place at slightly 
higher mean temperatures provided minimum 
thermal values below 32°, the lowest minimum 
being 28° for 3 hours. 


Dacus dorsalis 


vey 


Dacus cucurbitae 


A 
v (97.19) 
revi 


Ceratitis capitata 


(°F.) 


Temperature 


Days of Exposure 


Fic. 3.—Natural temperature patterns providing the 
most extreme conditions (as measured by mean tem- 
peratures) under which completed development of eggs 
of three species of fruit flies occurred. Values in paren- 
theses are the mean temperatures encountered during 
exposure. Temperatures during the shaded intervals 
were beyond the constant temperature limits for develop- 
ment for each species. 


Eggs of Ceratitis capitata were more sensitive 
to low temperatures than eggs of the other two 
species. None of the tests on eggs of this species 
showed hatching at mean temperatures at or 
below the constant temperature threshold of 
53.0°. In figure 3 is given the lowest mean 
temperature pattern for successful hatching, 54.2°. 
Minimum temperatures in this case reached 37°, 
32 percent of the eggs hatched, and the median 
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incubation period was 150 hours (range, 142 to 
154 hours). In the great majority of cases with 
this species no hatching of eggs occurred when 
minimum temperatures dropped into the low 
thirties, but one test with a minimum of 30° for 
several hours was recorded. However, here the 
minimum point occurred during the hatching 
period after almost all development had been 
completed, and the only apparent result was an 
interruption in the hatching process until tem- 
peratures rose again. 

The highest temperature pattern in which eggs 
of Dacus dorsalis hatched gave a mean tempera- 
ture of 92.1° during the incubation period. The 
median hatching period was 77 hours (range, 55 
to 83 hours), recovery was 28 percent, and the 
highest temperature reached was 105°. Forty- 
three percent of the time was spent at tempera- 
tures above the upper developmental limit of 
97.5°. For eggs of D. cucurbitae the warmest 
pattern enabling complete development gave a 
mean temperature of 97.1°, median hatching time 
of 57 hours (range, 54 to 65 hours), recovery 28 
percent, maximum temperature 110°; and 53 
percent. of the exposure period was above the 
upper limit of 97.5°. Eggs of Ceratitis capitata 
exposed to the pattern shown in figure 3 (mean 
temperature 92.3°) reached full development in 
55 hours (range, 51 to 79 hours), with 56 percent 
hatching after exposure to a maximum tem- 
perature of 105°. In this test 18 hours (33 per- 
cent of the exposure time) were spent above the 
upper thermal limit of 96°. 


DISCUSSION 

Since studies with the theoretical variable 
temperature patterns show that at the lower 
thermal levels increases in diurnal range of 
temperatures cause an apparent acceleration in 
development that becomes less noticeable in the 
medial range and changes to a deceleration at 
the higher thermal levels, it is desirable to ascer- 
tain whether the reasons for such changes in 
rates of development can be found in the constant 
temperature relationship. This latter relation- 
ship can be simply and accurately determined 
and provides a convenient basis for formulating 
methods for predicting developmental periods 
under variable conditions. In the light of our 
present knowledge of insect development under 
different temperatures, and avoiding the specific 
circumstances involved in the phenomenon of 
diapause, the acceleration or deceleration caused 
by exposure to variable temperatures with dif- 
ferent diurnal ranges of fluctuation may be 
ascribed to one or more of the following factors: 
(1) differences in rate of hour-degree accumula- 
tions, that is, the nonlinearity of the constant- 
temperature-velocity curve, (2) development at 
temperatures below the constant temperature 
threshold, (3) the nonequivalence of time and 
degree of growth at different ter-peratures, that 
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is, the nonadditivity of hour-degrees, and (4) 
unknown factors, which may be assumed for the 
present to be due to some inherent value of the 
variable temperature environment not occurring 
under constant temperature conditions. 

The danger of assuming a linear temperature- 
velocity curve for insect development was early 
pointed out by Sanderson (1910). At the present 
time there seems to be highly adequate support 
for the contention that the rate of development 
of cold blooded animals (or at least of arthropods 
and amphibians) varies in a curvilinear manner 
with temperature. (See critical reviews on the 
subject in Shelford 1929, Powsner 1935, Ryan 
1941, Davidson 1944, Huffaker 1944, Pradhan 
1946.) Previous work with fruit fly eggs (Mes- 
senger and Flitters 1958) exposed to constant 
temperature conditions has shown that this rela- 
tion is definitely nonlinear. This latter work 
also permits determining whether or not hour- 
degree accumulations (factor 1, above) can 
account for the accelerations. 

The nature of the present work, that is, the 
mere observation of egg hatch as a measure of 
development, does not lend itself to the deter- 
mination of whether or not subthreshold develop- 
ment occurs. However, for these particular fruit 
fly species some embryonic development has in 
fact been observed at subthreshold temperatures 
(Messenger and Flitters 1958). Nor does the 
nature of the present work lend itself to the 
determination of whether or not at different tem- 
peratures equal proportions of time result in 
equal proportions of development. Work with 
other species of insects shows approximately the 
order of magnitude of such effects. Ludwig 
(1928) with Popillia japonica, Ludwig and Cable 
(1933) with Drosophila melanogaster, Harries 
(1943) with Circulifer tenellus, and Lin et al. 
(1954) with D. melanogaster and Tribolium con- 
fusum, all provide data showing that some 
development occurs at temperatures slightly 
below the constant temperature thresholds for 
the respective species. The work of Cook (1927) 
with Agrotis orthogonia larvae, of Parker (1930) 
with Melanoplus mexicanus and Camnula pellucida 
eggs and nymphs, of Ahmad (1936) with various 
insects, and perhaps the majority of other, 
similar studies all lend themselves to this inter- 
pretation. The extent to which such tempera- 
tures mav be depressed and still give development 
seems to be small, however—usually but 5 to 10 
degrees below the threshold. Naturally, the in- 
crements of development per hour of exposure at 
such low temperatures are quite small. 

Mechanisms explaining partial development 
at subthreshold temperatures are provided by 
Powsner (1935), Bucher et al. (1948), and Lin 
et al. (1954). In general, development is con- 
sidered as the result of a broad series or network 
of individual physiological, biochemical, and 
cellular processes proceeding within the tissues 
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of the organism. Each of these individual proc- 
esses is presumed to have its own temperature 
velocity characteristics, including a _ thermal 
threshold below which temperatures cause the 
process to come to a halt. The sum-total of 
effects upon these individual processes is then 
reflected in the overall temperature response of 
the whole organism. With this fragmentation 
of overall development, Powsner (1935) concludes 
that some developmental processes probably 
always occur at any temperature not immediately 
lethal to the organism, and that at such depressed 
temperatures some of these processes are slowed 
more than others. This provides an explanation 
for the damaging effects of extreme temperatures 
upon development; the disorganization theory, 
which postulates that low (and high) tempera- 
tures cause differential changes in the velocities 
of the various individual processes, resulting in a 
“disorganization” of the entire network. If this 
disorganization proceeds long enough or rapidly 
enough it becomes irreversible, leading to lethal 
effects. 

In the case of varying temperatures above and 
below the threshold of development, Lin et al. 
(1954) conclude that some processes are stopped 
by subthreshold exposure, while others are not. 
The continuous functioning of the latter, coupled 
with the periodic performance of the former, is 
presumed to permit development to continue at 
a faster rate than if only the higher temperature 
were considered to be effective. 

The works of Titschak (1925) with Tineola 
bisselliella; Bliss (1926) with Drosophila melano- 
gaster; Crozier (1926) with several insect examples; 
Brown (1927) with a species of cladoceran, 
Pseudesida bidentata; and Harries (1944) with 
Circulifer tenellus, by experimenting with com- 
binations of two different constant temperatures 
were able to show that the time-development 
relationship for a given organism at different 
temperatures varies slightly. This means that 
in attempting to equate amount of development 
with incubation time, equal proportions of time 
spent at different temperatures are not strictly 
additive, as is implied in methods of hour-degree 
summations. However, as with development at 
subthreshold temperatures, the differences in 
time of development due to such nonadditive 
effects as shown by these authors are relatively 
minor, especially with insect stages of rather 
short duration (a few weeks to a month) such as 
are involved in the work reported herein. 

From the constant temperature relationship a 
series of time-temperature curves for variable 
temperature patterns with different fixed diurnal 
ranges can be constructed according .to the hour- 
degree accumulation method of Shelford (1929). 
Such a series of curves permits direct comparison 
between developmental periods and the mean 
values of variable temperatures, which in theory 
is not permissible so far as the constant-tem- 
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perature-time curve itself is concerned (Ryan 
1941). From the constant-temperature-time re- 
lationship determined empirically for eggs of 
Dacus dorsalis three such curves have been con- 
structed for the variable temperature patterns 
illustrated in figure 1. These curves, involving 
different diurnal ranges of 10, 20, and 30 degrees, 
respectively, are shown in figure 4 along with the 
basic constant-temperature-time curve from which 
they were derived. For purposes of constructing 


(Hrs.) 


Median Developmental Time 


70 80 


Mean Temperature (°F.) 


Fic. 4.—Theoretical time-temperature curves based 
upon the constant temperature relationship for variable 
temperature patterns with different fixed diurnal ranges. 
The dashed line is the constant temperature relationship 
for development of Dacus dorsalis eggs; the solid lines 
relate egg development with the mean temperature of 
exposure with three different diurnal ranges of 10, 20, 
and 30 degrees. 


these curves each exposure period was assumed 
to begin at the points on the respective variable 
temperature patterns corresponding to 10 o’clock 
in the morning, that is, at the mean temperature 
level for each pattern. This latter procedure is 
necessary, since the starting point for each 
exposure has a definite, though small effect on 
the period of estimated development. It can be 
seen that at the lower thermal levels the wider the 
diurnal range, the shorter the developmental time 
interval becomes. At medial temperatures the 
curves approach one another and almost exactly 
coincide with the constant temperature curve. 
At 80° the curves begin to diverge upwards, in 
inverse order of their diurnal fluctuations, that 
is, the curve with the widest diurnal range 
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diverges first. The interesting curvature of the 
lines in the upper thermal levels is due to the 
peculiar shape of the empirical constant tem- 
perature curve above 95°, and to the fact that 
all periods spent at temperatures above 97.5° 
were assigned zero values for development. 

A set of curves somewhat similar to those 
shown in figure 4 has been developed by Kauf- 
mann (1932) for combinations of two alternating 
constant temperatures. As a basis the catenary 
relationship of Janisch (1927) was used here. 
The curves were evaluated primarily in the 
vicinity of the optimum point (temperature of 
fastest development), and no experimental data 
were given to support the method of evaluating 
alternating temperature effects. 

The curves of figure 4 are theoretical, being 
based upon the assumption that only the constant 
temperature relationship needs to be considered 
for development under variable temperature con- 
ditions. If the data for eggs of Dacus dorsalis in 
table 1 are considered in reference to the figure, 
the accuracy of this assumption can be roughly 
tested. The data for the narrow pattern show 
acceleration below a mean temperature of 60°, 
and, from 60° to 80°, very little change from the 
developmental periods expected from theory. 
No tests with this pattern were conducted in the 
upper thermal levels. For the variable tempera- 
ture pattern possessing a moderate diurnal ampli- 
tude (20 degrees) a similar result pertains. With 
mean temperatures of 60° and below, development 
under variable conditions is faster than would be 
predicted from constant temperatures. At a 
mean temperature of 91.6°, development again is 
swifter than expected. Within these limits, 
development seems to proceed at the expected 
rates. 

For variable temperature patterns of wide 
diurnal amplitude (30 degrees) the same relation 
holds at the lower thermal levels, except that with 
a mean temperature of 52°, a slight deceleration 
occurs. This latter result may be due to the 
very low minimum temperatures involved (37°). 
At the upper thermal levels, only a slight accelera- 
tion appears over the rate expected. 

The results of studies with the theoretical 
variable temperature patterns may therefore be 
summarized somewhat as_ follows. At the 
extremes of temperature relative to the biokinetic 
scale for temperature effects, development of eggs 
of Dacus dorsalis proceeds at rates somewhat 
greater than would be predicted on the basis of 
constant temperature effects alone. In the medial 
range of temperatures, very little difference in rate 
of development occurs from that predicted from 
the constant temperature relationship. 

Just what the above acceleration is due to 
cannot be determined by the experimental 
methods used for these studies.. It must be 
pointed out, however, that circumstantial evi- 
dence would give a large degree of credit for this 
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accelerative effect to development at subthreshold 
and supra-limiting thermal levels. In every case 
where a rate of development swifter than that 
predicted on the basis of constant temperature 
effects alone has occurred, some part of the 
exposure time was spent at temperatures outside 
the constant temperature limits. 


10° Diurnal Range 


20° Diurnal Range 


Median Developmental Time (Hrs.) 


30° Diurnal Range 


Mean Temperature (°F.) 

Fic. 5.—Median developmental periods for eggs of 
Dacus dorsalis exposed to natural variable temperature 
patterns. Data are segregated according to diurnal 
range of temperatures occurring during exposure. Upper 
curve in each case is the theoretical time-temperature 
curve based upon the constant temperature relationship. 
Lower curves are empirical regressions giving the best 
statistical fit. 


With the foregoing analysis of variable tem- 
perature patterns with fixed diurnal fluctuations 
on fruit fly egg development, a better under- 
standing may perhaps be had of the results of 
exposure to natural temperature patterns. Since 
the diurnal range of temperatures encountered 
during exposure has been found to exert a large 
effect on the rate of development, the data per- 
taining to Dacus dorsalis eggs in figure 2 have 
been segregated according to this variable into 
three groups with diurnal ranges of 5-15 degrees, 
15-25 degrees, and 25-35 degrees, respectively. 
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Table 2.—Estimates of fit of various theoretical curves to the experimental data 


20 Degrees 


Curve* Ci. 


82 
82 
95** 


19.9 


20.4 


15.3** 0 
7A?" 0 


SB | Clk 
| 


Dacus dorsalis Hendel 


Dacus cucurbitae Coq. 


Diurnal Range 


30 Degrees 


S. E.> Cokes 


0.82 
0.90** 
| 0.97** 


0.73 
85** 
97** 





Ceratitis capitata (Wied.) 


0.00 16.6 
0.00 


0.95** 


30.6 
30.6 


IT] Bae 


perature relationship. 


is:0°" 


3.0" 


92 
94 


95 


0.83 14.8 0 
0.90 12.7 0 
0.95** 10.9* 0 


“Curve I is based upon the variable temperature patterns and the constant tem- 
Curve II is similar to curve I except that exposures to sub- 


threshold and supra-optimal temperatures have been assigned developmental values 
based upon the constant. temperature relationship extrapolated downward five 


degrees and upward to 100° F. 
fit to the data. 
‘6S. E.=standard error of the estimate. 
of probability. 
°C. I.=correlation index. 


The scatter diagrams for each of these groups, 
along with the corresponding theoretical time- 
variable-temperature regression curves based upon 
the constant temperature relationship and the 
empirical curves of best fit, are illustrated in 
figure 5. 

From figure 5 it may be seen that the theoretical 
time-variable-temperature relationship closely ap- 
proximates the experimental data in the medial 
range of temperatures, no matter what the 
diurnal range is. However, at the extremes of 
temperature, the fit between this theoretical 
regression and the data is less satisfactory. At 
the lower thermal levels, in practically every 
case, the actual developmental periods were 
shorter than was theoretically predicted, a result 
similar to that found when theoretical variable 
temperature patterns were studied. The same 
result also is apparent at the upper thermal 
levels for temperature patterns of moderate to 
high diurnal ranges. 

Divergences of the data from the theoretical 
curves become noticeable at mean temperatures 
below about 65°. Below this mean level the 
diurnal fluctuations in temperature begin to 
include subthreshold values. A similar situation 
likewise appears to occur at the upper thermal 
levels, and divergences of the data from the 
theoretical curves seems to occur above mean 


Curve III is empirical curvilinear correlation of best 


*=significant difference at the 0.05 level 


**=highly significant difference at the 0.01 level. 


temperatures between 80° and 85°, again ap- 
parently coinciding with exposures to postoptimal 
temperature levels. To test the possibility that 
egg development could have occurred several 
degrees above and below the constant tem- 
perature limits, and that this additional incre- 
ment of development could account for the 
divergences, the constant temperature relationship 
was extrapolated 5 degrees below the respective 
threshold, and, after making the curve symmetri- 
cal about the point of most rapid development 
(the so-called optimum point, constant-tempera- 
ture-wise), also extrapolated upwards to 100°. 
New variable temperature regressions were com- 
puted from this modified constant temperature 
relationship and were tested for fit to the experi- 
mental data (not shown in the figure). In the 
cases of moderate to high diurnal fluctuations, 
the “extrapolated” regressions gave significantly 
better fits; in the case of narrow diurnal variations 
there were not sufficient data at the thermal 
extremes to test the modified regressions. 

Similar results, not figured, were obtained for 
egg development of the remaining two species of 
fruit flies. For eggs of Dacus cucurbitae the 
overall variation in the data was lower, and, 
where occurring, the corresponding closeness of 
fit of the data to the various curves was higher 
On the other hand, egg data of Ceratitis capitata 
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showed a higher degree of scatter, and a lower 
degree of correlation to the theoretical curves. 
Further, the distinct trend towards swifter 
development at lower temperatures in the other 
two species was not nearly as pronounced in the 
case of this species. This result was probably 
due to both the lack of completed development 
and the consequent lack of data at the tempera- 
ture extremes for this species, and the greater 
degree of scatter of the data. 

In table 2 are given statistical estimates of fit of 
the three types of curves referred to above; I, the 
curve based upon the constant temperature 
relationship; II, the curve based upon an extra- 
polated constant temperature relationship; and 
III, the empirical curve or curve of best fit. 
Standard errors of the estimate and indexes of 
correlation were determined according to the 
methods prescribed by Ezekiel (1930). Standard 
errors of the estimate are in units of hours; the 
smaller the value, the closer the fit. 

Table 2 may be summarized by stating that in 
practically every case the extrapolated curve 
based upon some development not predicted by 
the constant temperature relationship gives a 
better fit to the experimental data than does the 
unextrapolated curve. Furthermore, both of 
these theoretical curves are surpassed in fit to a 
significant degree by the empirical regression, 
especially at the extremities of the biokinetic 
range. 

One important point is brought out in figure 5, 
namely, that a comparison between the two sets 
of curves, the theoretical and the empirical, at 
any temperature level gives a direct measure of 
the increased rate of development caused by 
variable temperature environments relative to 
rates occurring under constant temperature con- 
ditions. Where occurring, this is a true accelera- 
tive effect due to variable temperatures, regard- 
less of the possible causes. From such compari- 
sons it may be seen that such accelerative effects 
on development are not present throughout the 
biokinetic range of temperatures for the particular 
insect stage under consideration, and, further, 
that the accelerative stimulus is dependent upon 
the diurnal range of temperatures encountered, 
with the higher ranges providing the greatest 
increases in rates of development. 

Since the major object of the present work on 
variable temperature effects was the development 
of a basis for accurate prediction of incubation 
times for fruit fly eggs, table 3 has been con- 
structed to provide this information for mean 
temperatures in steps of 5 degrees Fahrenheit, 
segregated according to diurnal ranges of tem- 
perature fluctuations, for each of the three 
species of fruit flies. Standard errors of the 
developmental periods were estimated from the 
actual experimental data grouped within 2.5 
degrees of each mean temperature value given. 
The data in table 3 were taken from figure 5 
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for Dacus dorsalis eggs, and from similar figures, 
not shown, for the remaining two species. 


Table 3.—Duration of development (in hours) of fruit 
fly eggs exposed to natural variable temperature patterns 
of different diurnal ranges* 





Duration of Development of 
Fruit Fly Eggs, Hours 


Diurnal Diurnal | 
Range 10 | Range 20 | 
Degrees | Degrees 


Mean ; 
Temperature, Diurnal 

mer Range 30 
Degrees 





Dacus dorsalis Hendel 





130+ 3.1 
94+ 2.0 
70+ 1.8 
51+0.8 
39+0.7 
35+0.9 
36+ 1.8 
40+ 4.8 


| | 
Sate 
| 103+ 3.2 | 104+ 3.8 
70+ 20 | 70+ 0.7 
| 50+ 0.6 
40+ 0.5 
34+ 0.5 
30+ 0.5 
30+ 0.4 


0 
52+ 5 
40+ 4 
30+ 5 

6 


| 
| 
| 
| 
| 


| —-—- 





Dacus cucurbitae Coq. 





88+ 2.1 
62+ 1.2 
15+ 1.0 
35+ 0.9 
29+ 0.6 
26+ 0.4 
28+ 0.6 
34+ 0.7 


102+ 11 
68+ 8.5 
48 
36+ 
8 
24+: 


0.8 


Ceratitis capitata (Wied.) 


| 

— | 164+2.5 
| 134+ 3.6 | 132+2.1 
65 102+ 2.2 | 100+2.4 
70 75+ 18 | 78+2.2 
75 t j 58+ 0.9 62+ 1.6 
80 48+ 0.7 52+1.7 
85 | 38 | 48+ 1.0 48+2.1 
90 i————— | Se 28 46+ 3.1 


“Values in table are arithemetic means and the 
corresponding errors of the standard errors of estimates. 
The latter are not errors of the mean, but are errors of 
the estimate of the regression for each temperature 
group whose mid-points are given in the column at the 
left. Standard errors of the mean for each value would 
be somewhat larger, since the statistical relation be- 
tween temperature and time is a curvilinear regression. 


It is of interest, now, to check the shape of the 
empirical curves relating development and vari- 
able temperatures. Plotting the reciprocals of 
developmental time (or, by the Shelford method, 
plotting developmental units per hour) against 
mean temperature of exposure for the three 
empirical curves of figure 5 gives sigmoidal rate- 
temperature curves much like those for constant 
temperature development. The sigmoidal curves 
are much shallower, however, and have much less 
pronounced drops at the upper thermal limits 
than the constant temperature curve for the same 
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insect. Maximum rates of development are in 
every case slower than those for constant condi- 
tions; and the temperatures for maximum rate 
are in most cases shifted downwards by about 
7.5 to 10 degrees. For eggs of Dacus dorsalis, the 
developmental total (thermal constant) for de- 
velopment under variable temperatures is higher 
than that for constant temperatures. [Contrast 
this result with that of Peairs (1927) to the effect 
that variable temperatures reduce the thermal 
constant.] Furthermore, the developmental total 
increases as the diurnal range of temperature 
fluctuation increases. In correlation with this is 
the finding that the theoretical “‘alpha’’ point, the 
developmental zero of Sanderson and Peairs 
(1914) or zero-of-velocity-curve of Peairs (1927), 
is lower than that found for constant temperature 
conditions, and in the present case the greater 
the diurnal range of temperature fluctuations the 
lower the alpha point. 

The relationship between fruit fly egg develop- 
ment and variable temperatures therefore appears 
to be modified only in degree from that based 
upon constant conditions. The variable tem- 
perature correlation involves less curvature, is 
shifted down-scale by about 5 to 10 degrees, and 
is without the pronounced, asymmetric curvature 
in the postoptimal zone that is apparent in con- 
stant temperature correlations. 

When the empirical curve for egg development 
at any particular diurnal range, say 20 degrees, 
is compared with the developmental curve result- 
ing from constant temperatures, a_ significant 
verification of Pradhan’s (1945) generalization, 
mentioned earlier in this discussion, is provided. 
Variable temperatures at the lower thermal levels 
produce swifter development, an acceleration that 
is reduced at the medial range, and which changes 
to a relative deceleration at high thermal levels. 
Such an overall generalization may perhaps be 
the basis underlying certain findings deriving from 
alternating temperature investigations of Ludwig 
(1928), Ludwig and Cable (1933), Ahmad (1936), 
and Huffaker (1944). In those cases (for example, 
Parker 1930 and Harries 1944) where accelerations 
due to alternating temperature experiments were 
observed throughout the range of conditions 
studied, it is possible that the high temperatures 
involved were not high enough to provide the 
retarding effect found in the present study. 
Munger and Cressman (1948) found no difference 
between constant temperatures and smoothly 
varying temperatures on California red scale, 
possible because here the temperatures involved 
lay entirely within the medial range, found in the 
present study to provide no accelerative effects 
on fruit fly eggs. 

The results provided by fruit fly eggs also 
indicate that such broad generalizations as those 
of Peairs (1927), Shelford (1927), Parker (1930), 
and Rubtzov (1938), to the effect that variable 
temperatures per se cause an acceleration in 
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development, may in fact be only part of a more 
extensive and complex relationship. 


REFERENCES CITED 

Ahmad, T. 1936. The influence of constant and alternat- 
ing temperatures on the development of certain stages 
of insects. Proc. Natl. Inst. Sci. India 2(2): 67-91. 

Back, E. A., and C. E. Pemberton. 1914. Life history 
of the melon fly. Jour. Agric. Res. 3(3): 269-74. 

1918. The Mediterranean fruit fly in Hawaii. U. S. 
Dept. Agric. Bull. 536. 118 pp. 

Bliss, C. I. 1926. Temperature characteristics for pre- 
pupal development in Drosophila melanogaster. 
Jour. Gen. Physiol. 9: 467-95. 

Bodenheimer, F. S. 1925. On predicting the develop- 
mental cycles of insects. I. Ceratitis capitata Wied. 
Bull. Soc. Roy. Ent. Egypte 1924: 149-57. 

1951. Citrus Entomology. W. Junk, The Hague, 
Netherlands. 663 pp. 

Brown, L. A. 1927. On the nature of the equation for 
growth processes. Jour. Gen. Physiol. 11(1): 37-42. 

Bucher, G. E., J. W. MacB. Cameron, and A. Wilkes. 
1948. Studies on the housefly (Musca domestica L.). 
II. The effects of low temperatures on laboratory- 
reared puparia. Canadian Jour. Res. (D) 26: 26-56. 

Cook, W. C. 1927. Some effects of alternating tem- 
peratures on the growth and metabolism of cutworm 
larvae. Jour. Econ. Ent. 20(6): 769-82. 

Crawford, D. L. 1927. Investigation of Mexican fruit 
fly (Anastrepha ludens Loew) in Mexico. California 
Dept. Agric. Monthly Bull. 16(8): 422-45. 

Crozier, W. J. 1926. On curves of growth, especially in 
relation to temperature. Jour. Gen. Physiol. 10: 
53-73. 

Davidson, J. 1944. On the relationship between tem- 
perature and rate of development of insects at con- 
stant temperatures. Jour. Animal Ecol. 13(1): 26-38. 

English, L. L., and G. F. Turnipseed. 1941. The in- 
fluence of temperature and season on the citrus red 
mite (Paratetranychus citri). Jour. Agric. Res. 
62(2): 65-77. 

Ezekiel, M. 1930. Methods of correlation analysis. 
John Wiley & Sons, Inc., New York. 427 pp. 

Flitters, N. E., and P. S. Messenger. 1953. Bioclimatic 
studies of oriental fruit fly in Hawaii. Jour. Econ. 
Ent. 46(3): 401-3. 

Harries, F. H. 1943. Some effects of alternating tem- 
peratures and exposure to cold on embryonic develop- 
ment of the beet leafhopper. Jour. Econ. Ent. 
36(4): 505-9. 

1944. Differential effects of 
development of the beet leafhopper. 
Res. 69(3): 127-36. 

Headlee, T. J. 1929. An apparatus for the study of 
comparative effects of constant versus variable 
temperatures on the speed of insect metabolism. 
Jour. New York Ent. Soc. 37: 25-7. 

Huffaker, C. B. 1944. The temperature relations of the 
immature stages of the malarial mosquito, Anopheles 
quadrimaculatus Say, with a comparison of the 
developmental power of constant and variable tem- 
peratures in insect metabolism. Ann. Ent. Soc 
America 37(1): 1-27. 

Janisch, E. 1927. Das Exponentialgesetz als Grundlage 
einer vergleichenden Biologie. Abh. Theorie organ. 
Entwick. Vol. 2. 383 pp. Berlin. 

Kato, M. 1928. Investigations on the melon-fly (Dacus 
cucurbitae Coq.). Nippon Plant Protect. Soc., Jour. 
Plant Protect. (Tokyo) 15: 357-69, 421-6. (Abstract 
on file, U. S. Dept. Agric. Fruit Fly Laboratory, 
Honolulu, T. H.) , 

Kaufmann, O. 1932. Einige Bemerkungen tiber din 
Einfluss von Temperaturschwankungen auf die 
Entwicklungsdauer und Streuung bei Insekten und 
seine graphische Darstellung durch Kettenlinie und 
Hyperbel. Zeitschr. Morph. u. Okol. Tiere 25: 
353-61. 


temperature on the 
Jour. Agric. 





204 


Koidsumi, K., and K. Shibata. 1935. Notes on the 
autecology of some fruit flies. I. On the melon fly. 
Jour. Soc. Trop. Agric. Taihoku Imp. Univ. 7: 
245-54. (Abstract on file, U. S. Dept. Agric. Fruit 
Fly Laboratory, Honolulu, T. H.) 

Koreishi, K. 1937. Morphology and life history of the 
melon fly in Formosa. Tech. Bull. No. 2, Formosa 
Plant Quarantine Sta. 74 pp. (Abstract on file, U. S. 
Dept. Agric. Fruit Fly Laboratory, Honolulu, T. H.) 

Kozhanchikov, I. V. 1946. On the lower thermal limit 
in the development of insects. Acad. Sci. URSS 
(N.S.) Compt. Rend. 51(3): 241-4. (Abstract in 
Rev. Appl. Ent. Ser. A. 35(a): 277, 1947.) 

Lathrop, F. H. 1923. Influence of temperature and 
evaporation upon the development of Aphis pomi 
Degeer. Jour. Agric. Res. 23(12): 969-87. 

Lin, S., A. C. Hodson, and A. G. Richards. 1954. An 
analysis of threshold temperatures for the develop- 
ment of Oncopeltus and Tribolium eggs. Physiol. 
Zool. 27(4): 287-311. 

Ludwig, D. 1928. The effect of temperature on the 
development of an insect (Popillia japonica New- 
man). Physiol. Zool. 1: 358-89. 

Ludwig, D., and R. M. Cable. 1933. The effect of 
alternating temperatures on the pupal development 
of Drosophila melanogaster Meigen. Physiol. Zool. 
6: 493-508. 

McBride, O. C. 1935. 
fruit fly to its environmental factors. 
Ent. Soc. 9(1): 99-108. 

Maki, M. 1921. Investigations on citrus fruit fly 
(Dacus dorsalis Hendel). Bur. Plant Ind. Taiwan. 
Publication 262. 304 pp. (Abstract on file, U. S. 
Dept. Agric. Fruit Fly Laboratory, Honolulu, T. H.) 

Messenger, P. S., and N. E. Flitters. 1954. Bioclimatic 
studies of three species of fruit flies in Hawaii. Jour. 
Econ. Ent. 47(5): 756-65. 

1958. Effect of constant temperature environments on 
the egg stage of three species of Hawaiian fruit flies. 
Ann. Ent. Soc. America 51(2): 109-19. 

Munger, F. 1944. An adaptation of a thermograph to 
regulate variable temperature. Jour. Econ. Ent., 
37(4): 554-5. 

Munger, F., and A. W. Cressman. 1948. Effect of con- 
stant and fluctuating temperatures on the rate of 
development of California red scale. Jour. Econ. 
Ent. 41(3): 424-7. 

Newman, L. J. 1913. Fruit fly (Ceratitis capitata). 
West Australia Dept. Agric. Ann. Rept. Bot. and 
Plant Path. 62 pp. 

Noll, J. 1942. Uber den Einfluss von konstanten und 
wechselnden Temperaturen auf die Entwicklungs- 
geschwindigkeit bei den Larven bzw. Puppen von 
Contarinia nasturtii Kieffer (Cecidomyidae). Anz. f. 
Schadlingsk. 18(7): 73-8. 

Parker, J. R. 1930. Some effects of temperature and 
moisture upon Melanoplus mexicanus mexicanus 
Saussure and Camnula pellucida Scudder (Orthoptera). 
Montana Agric. Expt. Sta. Bull. 223. 132 pp. 


Response of the Mediterranean 
Proc. Hawaiian 


Annals of the Entomological Society of America 


[Vol. 52 


Some phases of the relation of 


Peairs, L. M. 1927. 
West 


temperature to the development of insects. 
Virginia Agric. Expt. Sta. Bull. 208. 62 pp. 

Potter, G. F. 1920. An apparatus for automatically 
changing the temperature of a chamber. Amer. 
Jour. Bot. 7: 39-43. 

Powsner, L. 1935. The effects of temperature on the 
duration of the developmental stages of Drosophila 
melanogaster. Physiol. Zool. 8: 474-520. 

Pradhan, S. 1945. Insect population studies. II. 
Rate of insect development under variable tem- 
perature of the field. Proc. Natl. Inst. Sci. India 
11(2): 74-80. 

1946. Insect population studies. 
temperature effect on insect development. 
Natl. Inst. Sci. India 12(7): 385-404. 

Rainwater, C. F., and N. Allen. 1939. Temperature in 
the life history of Rhopalosiphum subterraneum 
Mason, a new cotton root aphid. Jour. Econ. Ent. 
32(4): 557-60. 

Renjhen, P. I. 1949. On the morphology of the im- 
mature stages of Dacus (Strumeta) cucurbitae Coq. 
(the melon fruit fly), with notes on its biology. 
Indian Jour. Ent. 11: 83-100. 

Rubtzov, I. A. 1938. The theoretical basis of the dis- 
tribution of harmful insects and of predictions as to 
their mass multiplication. 1V. The effect of constant 
and variable temperatures on the development of 
the eggs of the gypsy moth (Porthetria dispar L.) 
Plant Protect. (Russia) 17: 25-38. (Abstract in Rev. 
Appl. Ent. Ser. A 27(6): 313, 1939.) 

Ryan, F. J. 1941. Temperature change and the sub- 
sequent rate of development. Jour. Exptl. Zool. 
88: 25-54. 

Sanderson, E. D. 


IV. Dynamics of 
Proc. 


1910. The relation of temperature to 
the growth of insects. Jour. Econ. Ent. 3(2): 113-40. 

Sanderson, E. D., and L. M. Peairs. 1914. The relation 
of temperature to insect life. New Hampshire Agric. 
Expt. Sta. Tech. Bull. 7. 125 pp. 

Shelford, V. E. 1927. An experimental investigation of 
the relations of the codling moth to weather and 
climate. Illinois Nat. Hist. Survey Bull. 16: 307-440. 

1929. Laboratory and field ecology. William and 
Wilkins Co., Baltimore. 608 pp. 

Stellwaag, F. 1940. Die Einwirkung 
Freilandtemperaturen auf Insekten. 
lingsk. 16: 109-13. 

Stone, W. E. 1939. An instrument for the reproduction, 
regulation, and control of variable temperature. 
Jour. Washington Acad. Sci. 29(10): 410-15. 

Titschak, E. 1925. Untersuchungen tiber den Tem- 
peratureinfluss auf die Kleidermotte. (Tineola bisel- 
liella Hum.) Zeitschr. wiss. Zool. 124: 213-51. 

Uvarov, B. P. 1931. Insects and climate. Trans. Roy. 
Ent. Soc. London. 79(1): 1-247. 

Wishart, G. 1940. An adaption of a standard bi- 
metallic thermo-regulator to control variable tem 
peratures. Canadian Ent. 72: 78-81. 


schwankender 
Anz. f. Schad- 


NOTICE TO NON-MEMBER SUBSCRIBERS 
Beginning in 1959, subscriptions to the ANNALS OF THE ENTOMOLOGICAL 


SOCIETY 


OF AMERICA and to the JOURNAL OF ECONOMIC ENTOMOLOGY 


will be $15.00 each per year, domestic; $15.60 each per year, foreign. A single order for both 
publications, if sent to the same address, may be obtained at a combination price of $27.00 


per year, domestic; $28.20 foreign. 





THE NYMPH OF THE MAYFLY GENUS TORTOPUS 
(EPHEMEROPTERA: POLYMITARCIDAE)' 


DONALD C. SCOTT,? LEWIS BERNER,’ anp ALLAN HIRSCH! 


ABSTRACT 


Immatures of this genus had not been takeu prior to 
the discovery of large numbers of 7. incertus nymphs 
during a biological survey of the Savannah River. The 
nymphs honeycomb the clay banks of the river with 
their burrows and follow the river level up or down, 
as evidenced by abandoned burrows 5 or 6 feet above 
low-water level. Apparently the insect requires 2 years 


The U. S. Public Health Service conducted 
extensive physical, chemical, and biological sur- 
veys of the Savannah River from July 1951 
through July 1952. The results were summarized 
in an interim report (Gold et al. 1954). In the 
course of these studies, nymphs of the burrowing 
mayfly Tortopus were found to be abundant in 
the banks of the river. Since little was known 
of this genus of mayflies in North America, a 
special effort was made to record observations 
on its ecology and morphology. 

The Savannah River is primarily a mountain 
and piedmont stream; nearly 70 percent of its 
drainage basin lies in these physiographic prov- 
inces, only 30 percent in the coastal plain prov- 
ince. The river retains many of its piedmont 
characteristics even where it crosses the coastal 
plain between the cities of Augusta and Savannah, 
Georgia. It may be distinguished from the 
streams arising within the coastal plain by the 
fact that its waters are not colored brown by the 
lignins so prevalent in coastal plain streams; 
instead, it possesses a rather high turbidity due 
largely to suspended silt from the piedmont. In 
addition, it has a pH near the neutral point, and 
a very low mineral content. Prior to 1951, when 
Clarke Hill dam was completed 20 miles upstream 
from Augusta, the river was subject to rather 
extreme fluctuations in flow.® 

Crossing the coastal plain the river follows a 
meandering channel through a densely wooded 
flood plain 3 to 5 miles wide. While the river 
bottom is composed largely of shifting sand, 
there are a number of places where the river 
swings to the edge of its flood plain and encounters 
Cenozoic sedimentary formations, exposing other 
types of bottom materials such as clay, marl, 
gravel, sandstone, and limestone. At meanders, 
where the river is cutting away at its own flood 
plain, caving, vertical, or undercut clay banks 
occur on the outer edge of the bend. These 
banks drop precipitously below the water level 
to the deepest part of the channel, which is often 
10 to 12 feet at low water. 


The shifting sand of the river bed has only a 
depauperate fauna, but the more stable benthic 


to develop from egg to adult, and emergence of adults 
is restricted to the period from late July to early Sep- 
tember. The similarity of the distribution of hairs on 
the legs, and the type of burrows occupied by the nymphs, 
suggest that the insect strains its food much as does its 
African relative Povilla. The nymph of 7. incertus 1s 
described and figured. 


substrates such as fallen trees, brush piles, rock 
outcroppings, and clay banks are all rather 
densely populated by macroinvertbrates, par- 
ticularly in areas of rapid current. The clay 
banks support a community of organisms domi- 
nated by nymphs of the burrowing mayfly, 
Tortopus. Such banks, profusely perforated by 
burrows of Tortopus nymphs, are present at al- 
most every bend of the river (figs. 1 and 2). 
The clay substrate inhabited by Tortopus is 
always firm, nearly always vertical, and usually 
exposed to swift water. This habitat is difficult 
to sample adequately; however, several qualita- 
tive collections were made in June and July 1952, 
from clay banks located near the mouth of Upper 
Three Runs, Aiken County, South Carolina; 
near Hancock Landing, Burke County, Georgia; 
and near the mouth of Steel Creek, Barnwell 
County, South Carolina (172 to 155 miles from 
the mouth of the river). 

On July 30, 1952, a representative quantitative 
sample was taken from a clay bank near Ebenezer 
Landing, 52 miles from the river’s mouth. In 
this instance a block of perforated clay was re- 
moved from the bank 2 feet below the water 
line, and its volume was measured by displace- 
ment. It was then broken up and washed 
through a series of screens. The organisms 
present were sorted, identified, and counted, and 
their volume determined by displacement (table 
1). Tortopus nymphs comprised 54 percent of 
the number of organisms from this sample and 
94 percent of the volume. Many of these 
nymphs were about to emerge; thus the biomass 
of the Torlopus population was probably at its 
maximum. The other organisms found do not 
usually burrow in hard clay, but the burrowing 
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activities of the mayflies provide them with a 
suitable habitat. This one sample obviously 
cannot be considered quantitatively representa- 
tive of all clay bank areas of the river, but it 
does demonstrate that large populations of 
organisms are present in the substrate excavated 
initially by Torlopus. This observation was 
substantiated by the qualitative sampling of 
other clay banks where large numbers of Torlopus 
were also found. 


Table 1.—Quantitative clay bank samples, Savannah 
River 52 miles from river mouth July 30, 1952. 


Volume 


Number 
(cc.) 


Organisms 


Nematoda: Undetermined | 107 0.05 
Arthropoda, Insect 
Plecoptera: Acroneuria sp 4 
Ephemeroptera: Tortopus incertus 

last instar 57 4.80 
Tortopus incertus 
other instars 40 
Stenonema sp ; 02 
Isonychia sp 24 
Tricorythodes sp 00 
Caenis sp f 01 
Baetinae, 
undetermined 00 
Cordulinae, 
undetermined 
Argia sp 00 
Corydalus cornutus 80 
Cheumatopsyche sp. ..| 00 
Macronemum 
carolina. . a 15 
Macronemum 
carolina, pupa 
Potamyia flava 00 
Stenelmis decorata, 
adult 17 
Stenelmis sp., larva 
Palpomyia group 
Pentaneura monilis 
group.. 
Chironomidae, 
undetermined 
Mollusca, Gastropoda 

Pleurocera (?) sp 
Mollusca, Pelecypoda 

Sphaerium sp. 


0.05 


Odonata: 


Neuroptera: 
Trichoptera: 


Coleoptera: 


Diptera: 


Total 


Volume of Clay Substrate—8000 cc. 
Area of Exposed Surface—1600 cm? 


The Tortopus burrows enter the bank at right 
angles to the exposed surface and form U-shaped 
tubes with parallel arms. The parallel arms 
sometimes adjoin each other so closely that the 
septum between them is broken. Apparently, a 
burrow is enlarged in length and diameter as 
the size of its occupant increases. This is 
accomplished by the nymph digging straight 
back from the end of the burrow and piling some 
of the clay in the center of the tunnel to form the 
septum separating the two arms. This method 
of construction allows the nymph to keep a 
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current of water flowing through the burrow as 
it is enlarged. Mayfly burrows of this type were 
described by Swammerdam (1737) and were 
figured by Réaumur (1742) from the Marne 
River. These burrows were attributed to Poly- 
milarcys virgo (Oliver)® by Wesenberg-Lund 
(1943) and to Ephemera by Verrier (1956). An 
examination of Swammerdam’s plates indicates 
that he was illustrating the nymph of Palingenia 
while Réaumur’s are possibly those of Ephoron. 
One peculiar feature of this community is its 
apparently migratory nature. On many banks, 
abandoned mayfly burrows are found in abun- 
dance 5 or 6 feet above low-water levels, while 
at the same time, both occupied and unoccupied 
burrows are to be found at least 6 feet below the 
water surface. Since the uppermost of these 
burrows could only be occupied for a relatively 


Fic. 1.—A mass of clay from the banks of the 
Savannah River showing the perforations produced by 
Tortopus nymphs. 


short span of the nymphal life of the mayfly, it 
seems obvious that some individuals must move 
about in this honeycomb, building new burrows 
or occupying old ones above the normal levels 
while the river is high, and retreating to succes- 
sively lower ones as the river level drops. The 
location of these burrows at just the points where 
the river current impinges upon a firm substrate 
undoubtedly aids the erosive action of the river 
against banks that would otherwise be very 
resistant to such attack. 

Nymphs of Tortopus were sometimes found in 
bottom samples collected with a Peterson dredge. 
These nymphs are believed to have been washed 
from the steep clay banks which had crumbled 


‘The genus Polymitarcys was synonymized with 


Ephoron by Edmunds and Traver (1954). 
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into the river to form a clay bottom. Occasion- 
ally Torlopus nymphs were found burrowing in 
rotten wood in these areas. In addition to 
burrowing in compact gray clay, populations 
have been observed in sandy clay, peat, and 
unconsolidated sandstone. 

The burrowing habits of Tortopus appear to 
be similar to those of Povilla, a genus of may- 
flies widely distributed in tropical regions. 
Kimmins (1948) reported that Povilla has caused 
damage to underwater wood by tunneling in it. 
Povilla adusta from Lake Nyasa in Central Africa 
was observed lining its tunnels with a substance 
having a thin papery texture. Nymphs of 
Povilla have also been found living in burrows 
in fresh-water sponges. 

Recently Hartland-Rowe, studying Povilla in 
Uganda, has observed the nymph secreting silk 
from its anus and molding it with its mouthparts, 
then spreading the silk over the burrow with the 
fore legs (personal communication). Although 
silk secretion has not been observed for Tortopus, 
it is possible that it may have this same habit. 

The disposition of the long hairs on the legs 
and on the head indicate that Tortopus feeds in 
very much the same manner as Povilla, which 
catches floating organisms or pieces of debris on 
its filtering brushes. These bits and pieces are 
then removed by the palps. Hartland-Rowe 
(1953) reports that Povilla feeds by rhythmically 
beating its abdominal gills for a few seconds at 
frequent intervals, thus producing an intermittent 
current of water from the anterior end of the 
body. He noted that food was transferred from 
the brushes to the mouth by two distinct simul- 
taneous widesweeping movements: (1) by the 
maxillary palpi of one side removing the food 
from the mandibular brush of that side and (2) 
by the maxillary and labial palps of the opposite 
side collecting food from the tibial and femoral 
brushes. He also noted that this action is 
accompanied by an inward flick of the leg, 
bringing the brushes within reach of the palps. 
The movements are alternately from side to side. 

Examination of the contents of the anterior 
portion of the digestive tract of several specimen 
of Tortopus to determine something of the feeding 
habits of the nymphs was not productive. The 
food was so thoroughly macerated into finely 
divided material that it was not possible to 
identify any of it. Occasionally small sand 
grains appeared in the gut contents, apparently 
ingested accidently during the course of feeding. 
We are convinced, however, that the food of 
these nymphs is obtained by filtration of river 
water and not by ingestion of clay as suggested 
for Palingenia by Schoenemund (1929, 1930) and 
Unger (1929). Plankton and periphyton were 
extremely scarce in the Savannah River. The 
base of the food chain of the Tortopus community 
is probably the organic debris being carried into 
the burrows by the swift current and the activities 
of the nymphs. 


Nymph of the Mayfly genus Tortopus 
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Attempts to observe Tortopus in the laboratory 
have thus far met with little success, because of 
the difficulty in keeping specimens alive,, In 
1954, living nymphs were carried from the 
Savannah River to Gainesville, Florida, where 
they were kept for about 3 weeks. However, no 
untreated flowing water was available in the 
laboratory at that time, and the nymphs were 
unable to feed. Very often they left their bur- 
rows and swam about, apparently searching for 
a more suitable site. 


A section through the Tortopus burrows to 
show their interior. 


Fic. 2. 


Early in October 1956, when the Savannah 
River was revisited in an attempt to secure 
additional nymphs, the water was very high and 
even the burrows highest on the bank were sub- 
merged. Collecting was attempted but only 
empty burrows were found, probably because the 
river level had risen just a few days earlier and 
nymphs had not yet moved from the lower to the 
higher burrows. 

Nymphs of Tortopus have also been taken 
from two other streams in Georgia. One of 
these collections was from the Canoochee River, 
5 miles east of Claxton and 14 mile downstream 
from the bridge on U. S. Highway 280 at the 
Bryan-Evans County line, on August 6, 1958; 
the other was from the Choopee River in Tattnall 
County, 3 miles west of Reidsville and 4 mile 
upstream from the bridge on U. S. Highway 380, 
on August 7, 1958. In addition, burrows believed 
to be those of Tortopus have been seen in Georgia 
on the Altamaha River at the Long-Wayne 
County line, just upstream from the bridge on 
U. S. Highway 301, and the Alapha River, 4 
miles northeast of Naylor, at the Lowndes-Clinch 
County line. 
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Fic. 3.—A mature female nymph of Tortopus incertus. 
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Fics. 4-8.—Mouthparts of Tortopus incertus. 4. Left maxilla, 5. labium, palps displaced laterally, 
mandible, 7. labrum, 8. hypopharynx. 
Fics. 9-10.—Gills of Tortopus incertus. 9. 4th gill, right side, 10. Ist gill, right side. 
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LIFE HISTORY 

Approximately 500 nymphs collected July 30, 
1952, and 100 nymphs collected July 10, 1954, 
were examined to learn something of the life 
history of Tortopus incertus. Among the nymphs 
there are three size groups—those about to 
emerge as adults; those which probably would 
have emerged within 4 to 6 weeks; and those 
which were quite small, half or less than half as 
large as the mature nymphs. Sex of the small 
forms was not determinable, but if they were 
females they were only approximately one-third 
the size of the mature female nymph. It appears 
that the species emerges in two broods, one in late 
July or early August and the other in late August 
or early September. The appearance of the 
smaller nymphs indicates that the species requires 
2 years to develop to maturity. These young 
specimens were developed from eggs laid the year 
before collection, and were destined to mature 
the year following collection. 

The restricted period of emergence of the 
Savannah River form coincides with the records 
by Needham et al. (1935) for adults of 7. incertus 
from Spring Creek, Georgia, in August; from 
Eufalfa, Alabama (Chattahoochee River), Sep- 
tember 4; and from Macon, Georgia, in August. 
These conclusions regarding periods of emergence 
are also supported by the collection of this 
species from the Apalachicola River, Florida, on 
July 29 (Berner 1950), as well as by the following 
records. 

Louisiana.—Natchitoches, Natchiotoches Par- 
ish, July 2, 1956 (J. E. Sublette). 

Mississippi.—Tombigbee River, Munroe County, 
July 24, 1954; Bull Mountain Creek at Highway 
25, Itawamba County, July 25-26, 1954; Leaf 
River, Smith County, August 15, 1954; Pearly 
River at Highway 84, Lawrence County, August 
16-17, 1954; and Bayou Chitto at Highway 24, 
Pike County, August 18-19, 1954 (all collected 
by C. D. Hynes). 

‘South Carolina.—Beulah Pond, Aiken County, 
July 22, July 29, and August 8, 1952 (William 
Cross). 


Torlopus NEEDHAM AND MURPHY 


Traver (1950) has discussed the genus Tortopus 
at some length, indicating the characteristics 
which differentiate the adults from those of the 
closely related Campsurus Eaton. The discus- 
sion enlarges on that of Ulmer (1942) and indi- 
cates those species which should be transferred 
from Campsurus to Tortopus. Although Traver’s 
paper deals primarily with Neotropical mayflies, 
the discussion includes the nearctic representa- 
tives of Tortopus as well. The northern species 
include the following: primus (McD.), known 
from Illinois and Nebraska; incertus (Traver), 
from Georgia, Alabama, and Florida; manito- 
bensis (Ide) from Manitoba; and circumflus 
(Ulmer), from Texas. 
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In his discussion of the mayflies of Illinois, 
Burks (1953) synonymized primus, incertus, and 
manitobensis, and mentioned the possibility that 
all of these might be synonyms of puella. It is 
our opinion that it is better to leave these species 
under the original names until a comprehensive 
study of the entire genus is undertaken. 

At the time of publication of Traver’s 1950 
paper, the nymph of Tortopus was unknown, and 
Campsurus was described in the nymphal stage 
from two specimens, one illustrated by Needham 
and Murphy (1924) and one described and 
illustrated by Ulmer (1920). Both of these 
descriptions were of South American species, and 
the nymphs of Campsurus still remain relatively 
unknown. 

Although no male adults of Tortopus were 
collected at the Savannah River, the specimens 
are assigned to the species Tortopus incertus. 
During the examination of nymphs in the last 
instar several males were found that were at the 
point of emerging, and in these the genitalia 
were fully developed. It was possible to dissect 
out the genitalia for study, and they conclusively 
proved the species to be incertus. In spite of 
the fact that these were subimaginal structures, 
there was little difference between them and 
those of the adult. As the subimaginal stage 
is of such brief duration, there is probably no 
opportunity for structural changes to develop in 
the genitalia. 


DESCRIPTION OF THE NYMPH OF 
Tortopus incertus (TRAVER) 


There are several characteristics distinguishing 
the nymph of Tortopus from that of Campsurus 
as described by Ulmer (1920) and illustrated by 
Needham and Murphy (1924). Campsurus has 
a row of spines on the outer edge of the mandib- 
ular tusk and about eight or nine saw-like teeth 
on the inner edge with the proximal tooth being 
the largest (Ulmer, 1920). In Tortopus the 
mandibular tusks have heavy spines on the outer 
margin, while the inner margin bears only weak 
spines which are so small as to be difficult to see 
in profile. Tortopus also has a large, thumb-like 
spine proximal to the tip on the medial side; 
Campsurus nymphs do not seem to have this 
spine. The clusters of hairs on the head of 
Tortopus are differently arranged than those of 
Campsurus as illustrated by Needham and 
Murphy, and the first gill of Tortopus has a 
single lobe while that of Campsurus is bilobed. 
Ulmer describes the median caudal filament of 
Campsurus as being about 114 times as long as 
the laterals, but in Tortopus the median filament 
is shorter and thinner than the laterals in male 
nymphs and approximately the same length, but 
thinner, in females. Whether these character- 
istics are of generic value is not determinable at 
present, as there is insufficient comparative 
material available for study; however, arrange- 
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Fics. 11-14.—Legs of Tortopus incertus nymph. 11. Fore leg, outer surface, 12. fore leg, inner surface, 13. 
middle leg, outer surface, 14 hind leg, outer surface 
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ment of the mandibular spines, especially the 
subterminal one of Tortopus, the difference in 
the first gills, and the difference in length of the 
median caudal filament probably hold throughout 
the two genera. 

Measurements.—Body length of mature female 
nymphs varies from 19.3 to 23.2 mm., average 
about 22 mm.; caudal filaments 5.5-6 mm. 
Body length of male nympks averages about 
15.5 mm.; lateral caudal filaments 12-14 mm., 
median filament 5-6 mm. Body measurement 
does not include mandibular tusks. 

Head.—-Wider than long with ratio of width 
(across eyes) to length (frontal ridge to occiput) 
averaging 0.69; eyes small, located very close to 
the posterior margin of the head. Ocelli large. 
Antennal bases prominent; just medial to each 
base there is a prominent spine projecting for- 
ward. Frontal shelf a strongly chitinized, slightly 
emarginate ridge; frons descends ventrally be- 
tween the antennal bases as a_ snout-like 
projection. 

Epicranial suture outlined with black; black- 
ened margin of lateral ocelli continues inward to 
meet at mid-line; anterior to point of juncture 
there is a large wedge-shaped black marking 
which runs anteriorly to fuse with the black base 
of the median ocellus. Just medial to each 
compound eye there is a cluster of fine hairs; 
anterior to each eve there is another such cluster. 
Emerging from the epicranial suture there is a 
dense row of long hairs that runs laterally and 
forward along the outside of the lateral ocelli, 
proceeds forward to overlap the finger-like spine, 
and then runs laterally across the antennal base. 
Frontal shelf margined with long hairs which 
become even longer laterally. Basal segment of 
antenna with a few hairs close to the point of 
attachment; second segment with a dense cluster 
of long hairs just distal to the point of attach- 
ment to the basal antennal segment; flagellum 
free of hairs. In dorsal view, mandibles project 
forward about as far in front of the head as the 
length of the head posterior to the frontal ridge. 
From above mandibular tusks are somewhat 
triangularly shaped and end in a long, finger-like 
point; near the base of the terminal spine, there 
is a thumb-like spine on the inner side. The 
inner margin of the mandible carries long hairs 
which are sparsely distributed along this surface 
up to the subterminal spine. Outer edge slightly 
curved and bearing a series of long, coarse spines 
along the margin; inner edge straighter and with 
small thin spines which are not at the edge but 
close to it. At least two of the distal spines on 
both the inner and outer margins of the mandible 
are long and thin. Across the proximal end of 
the dorsal surface of the mandible there is an 
irregular row of spines which becomes: broader 
toward the outer margin. A band of long hairs 
at the base of the mandible is quite conspicuous 
on the outer side, appearing to project sidewise 
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from the mouth. The tips of the mandibles 
vary in degree of wear depending on the age of the 
nymphs; in those which have recently molted, 
the points are sharp while in those nymphs which 
have been in a particular instar for some time 
the tusks are well worn, sometimes the points 
being almost completely obliterated. The mus- 
cles of the head are extremely heavy so that it is 
difficult to remove mouthparts without tearing 
the chitin of the head. This is particularly true 
of the mandibles which have massive muscles 
attaching them. Mouthparts as shown in the 
illustrations (figures 4-8); labial palps have been 
displaced laterally. Normally the labial palps 
are held together beneath the labium and fit 
between the paraglossae with their tips slightly 
divergent so that in ventral view they appear to 
be held in a V-shaped manner. 
Thorax.—Pronotum wider than long; anterior 
to midline there is a sulcus which runs medially 
from the anterolateral corner to the anterior 
third of the midline as shown in figure. At the 
anterolateral corner there is a small spinelike 
process which runs around and under the head; 
a few long hairs are attached to this process. 
Anterior margin of pronotum relatively straight; 
posterior margin arched posteriorly. The sulcus 
is deep at the anterolateral corners of the pro- 
notum, but becomes shallow towards the mid- 
line. That part of pronotum anterior to sul- 
cus marked with blackish stippling as shown in 
drawing. Behind the sulcus there is a large, 
rectangular, stippled, black area on either side 
of the midline. Mesonotum with a prominent, 
shield-shaped, black marking that extends from 
the anterior border to about the level of the base 
of the wing pads; broad part of the mark is at 
the anterior margin. Median line with a \V- 
shaped black mark at the anterior margin; con- 
tinues posteriorly the length of the mesonotum 
as a geminate mark. Other small black shadings 
over the mesonotum as shown in the illustration. 
Wing pads of mature nymphs have major veins 
outlined in purplish black, with the costal border 
heavily colored. Sternum unmarked. Anterior 
pair of legs so closely set together that the coxae 
are almost in contact; coxae of middle legs more 
widely separated; coxae of hind legs widely 
separated. Forelegs short and strong, heavily 
set with long hairs as shown in figures 11 and 12; 
claws larger and longer than those of Campsurus. 
There does not appear to be a clear separation 
of the tarsus and tibia although there is a line 
across the distal part of the tibiotarsus which 
indicates that this may be the area of fusion. 
The distal end of the tibiotarsus of the foreleg is 
covered on the outer surface by long, coarse 
spines as well as long coarse hairs; inner surface 
also with long spines and hairs; hairs begin in a 
transverse bar near the basal part of the tarsus, 
run laterally across to the front margin and con- 
tinue distally to the very edge of this segment of 
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the leg; a row of hairs on the posterior margin of 
tibiotarsus, independent of the transverse bar, 
begins near the proximal end of the segment and 
continues to the distal end where there is a row of 
very long sharp spines. Middle and hind legs 
also hairy and spiny as shown in figures 13 and 14. 

Abdomen.—Seven pairs of gills; first pair very 
small, single, and recurved over the abdomen. 
Gills 2 through 7 similar, coarse, large and heavily 
chitinized; composed of two lobes, the outer 
elbowed about midway its length so that it is 
bent back over the abdomen; outer lobe exca- 
rated on underside to receive the lower blade; 
two blades interlocked when at rest. Both lobes 
with a very heavy central trachea, lateral branches 
much less conspicuous; gills margined with coarse 
hair-like processes into which small tracheae can 
be seen to run. Hair-like processes, similar to 
those shown in Needham and Murphy’s (1924) 
drawing of Campsurus, give the gills a feathery 
appearance. The gills are strongly attached to 
lateral abdominal protuberances and are difficult 
to detach without tearing the abdomen. Seg- 
ments eight and nine somewhat longer than the 
preceding segments; segment ten relatively short. 
Color pattern of the tergites approximately as 
shown in figure 3; however, there is some vari- 
ability. There is a mid-dorsal pale stripe running 
the length of tergites 2 to 8; on tergite one, the 
stripe is wide but becomes narrow on the other 
segments; stripe is obsolescent on tergite nine, 
and only faintly indicated on ten. The stripe is 
clearly outlined with a fine, dense growth of hairs 
that emerge along its entire length. Lateral to 
the midline there is a submedian, purplish-brown 
line running the length of each of tergites 2 to 7; 
the lateral margins of these wide, sub-median lines 
are strongly outlined in dark purple. At the 
posterior margin of tergites 1 to 7 the submedian 
lines extend laterally out to the gill base; lateral 
to the submedian lines there may be purplish- 
brown blotches which are somewhat variable in 
shape but they dre approximately as shown in 
figure 3. Tergites 8 and 9 almost completely 
covered by purplish-brown stippling, except for 
minute pale areas as shown in figure 3. Median 
portion of tergite 10 is purplish brown; this 
median area is bordered by a pair of pale stripes 
and lateral to these there is another purplish- 
brown blotch. Lateral portions of tergite 9 
covered with a fine, long pubescence which be- 
comes rather heavy at the posterior margin of the 
area of pigmentation; pubescence also heavy 
along lateral margins of tergite nine. Tergite 10 
has much more limited pubescence, the fine hairs 
being confined to the posterior margin just 
lateral to the pigmented areas and extending 
along the length of the lateral margins. Ven- 
trally, abdomen white without color pattern: 
lateral margins of segments 2 to 8 also covered 
with fine, long hairs which cannot be seen in 
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dorsal view because of gills. Ventrally, the very 
heavy musculature of the gills can be clearly seen 
through the sternites, running obliquely from 
the anterior margin to the posterolateral corner; 
in this ventral view, abdominal segments 2 to 7 
are triangularly shaped with the apex of the 
triangle cut off by the posterior margin of the 
segment ahead. Caudal filaments as shown in 
the drawing; all of them covered with long, fine 
hairs. Median filament of females smaller in 
diameter than laterals and about the same 
length; in males, lateral filaments much longer 
than those of females and more than twice the 
length. 
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SOME CHANGES IN THE BIOLOGICAL CHARACTERISTICS OF 
COLONIZED ANOPHELES QUADRIMACULATUS SAY'! 


NATHAN STAHLER 


ABSTRACT 


The selective changes reported were observed in a 
colony of Anopheles quadrimaculatus maintained for 7 
years under constant laboratory conditions, either in 
diel periodicity or in a daily cycle of artificial light and 
darkness. The percentage of females inseminated was 
significantly higher during the period 1953-56 than in 
the years 1949-52; and in the first 3 years of these experi- 
ments there was a significant abeyance in sexual activity 
during some midwinter months, even in those groups 


During studies on the effects of larval popula- 
tion densities on certain biological characteristics 
of a colonized strain of Anopheles quadrimaculatus 
Say (Terzian and Stahler 1949), it was noted that 
fewer females were inseminated during the winter 
months, even though the temperature and hu- 
midity in the laboratory remained constant 
throughout the entire year. Consequently, a long- 
range study of the mating activity of this mosquito 
was begun, in order to discover, if possible, some 
factors which might be involved in such seasonal 
changes in sexual behavior. The results of these 
observations, which were begun in 1949 and 
terminated in 1956, are presented in this report. 


MATERIALS AND METHODS 


A strain of Anopheles quadrimaculatus, ob- 
tained originally from the USDA laboratories in 
Beltsville, Maryland, in 1945, has been in con- 
tinuous culture in this laboratory since that 
time. Stock colonies, each consisting of about 
2,000 adult mosquitoes housed in large screened 
cages (32”x 25” x 25”), are routinely provided 
with water and freshly cooked raisins, and are 
allowed to feed on guinea pigs once a week for a 
single 2-hour period. Eggs collected from the 
stock colonies after each blood meal are trans- 
ferred to another laboratory room, and the newly 
hatched larvae are placed in white enameled 
photographic pans (20” x 17” x 214”) with each pan 
containing about 250 individuals. The larvae 
are fed on the day of hatching with DIFCO 
Brain Heart Infusion and brewer’s yeast and 
thereafter with increasingly larger amounts of 
finely powdered (100 mesh) “‘D. & G.”’ dog food 
biscuits. On this regimen, the larvae usually 
begin to pupate on the 9th day and complete 
pupation by the 1lth day. Under these pro- 
cedures, approximately 18 generations of quadri- 
maculatus have been produced annually in this 
laboratory. 

The mosquitoes to be used for experimental 
purposes were separated according to sex in the 
pupal stage and allowed to emerge into glass 
lantern globes. The experimental groups, each 


cohabiting in constant illumination. Since such diapause 
disappeared in subsequent years, it was assumed that it 
had been an inherent character in the epigamic behavior 
of this strain but was eliminated by selection within the 
colony. Probably a concomitant increase in male 
survival within the experimental groups was a major 
factor in the progressive increase of insemination and 
disappearance of sexual diapause. No such changes 
were noted in the proportions of female survival. 


consisting of 20 males and 20 females, were 
supplied daily with a fresh 4 percent sucrose 
solution. All surviving experimental mosquitoes 
were destroyed at the conclusion of each experi- 
ment and none were ever returned to the stock 
colony. 

Since it has been shown (Terzian and Stahler 
1954) that maximal insemination has occurred by 
the fifth day in populations consisting of 20 males 
and 20 females which have been in continuous 
cohabitation since emergence, ample opportunity 
for mating was allowed by permitting males and 
females to cohabit for 10 postemergence days. 
At the end of this period all surviving females 
were dissected for the presence or absence of 
spermatozoa in the spermathecae in order to 
establish the rate of insemination for each 
experimental group. 

The three connecting rooms in which the 
mosquitoes were reared and in which mating 
activity was studied were maintained at a con- 
stant temperature of 80° F. and a relative hu- 
midity of 70 to 75 percent. The only source of 
light in the room in which the stock colonies 
were kept was that provided during working 
hours by overhead daylight fluorescent lamps. 
The room in which the larvae were reared and 
in which the pupae were collected was illuminated 
by sunlight through windows with a southeastern 
exposure and by overhead daylight fluorescent 
lamps which remained lighted only during work- 
ing hours. Since laboratory mating behavior in 
A. quadrimaculatus is influenced very greatly by 
light intensities at sunset (Stahler and Terzian 
1956) and little, if any, insemination occurs in 
moderate to strong illumination, mating in this 
room is considered to have occurred in ‘‘natural 
light,’ subject to the diel periodicity of the 
day-night cycle. 

In order to study mating activity in controlled, 


1The opinions or assertions contained herein are the 
private ones of the writer and are not to be construed as 
official or reflecting the views of the Navy Department 
or the naval service at large. Accepted for publication 
August 13, 1958. 
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artificial light, other groups of male and female 
pupae were transferred to a third windowless 
room in which a single daylight fluorescent lamp 
produced a light intensity of about 0.1 ft.-c. 
within the experimental cylinders. The light 
source was regulated by a clock mechanism so 
set that the lamp was lit every day for 12 hours, 
from 5:30 a. m. to 5:30 p. m. In these constant 
periods of light and dark, the adult mosquitoes 
emerged and cohabited for 10 days in conditions 
designated as “‘artificial light.” 

Four experimental groups were observed in 
both the diel periodicity and the artificial light- 
dark cycle during each month for more than 6 
years. Two such groups were usually allowed 
to cohabit in each illumination simultaneously, 
with each pair beginning their 10-day mating 
period 7 days apart. During certain critical 
periods of mating activity, which will be described 
subsequently, supplementary groups were studied 
to provide for more frequent observations. 


RESULTS 


In order to ascertain whether there was a 
significant variation in mating activity through- 
out the year, comparisons were made between 
series of experimental groups established for this 
purpose during each of 76 consecutive months. 
The monthly average rates of insemination of 
four experimental groups cohabiting for 10 days 
in diel periodicity, or the natural day-night cycle, 
during each month from November 1949, to 
February 1956, are presented graphically in 
figure 1. Such monthly averages ranged from 
10 percent insemination in November 1949 to 
100 percent mating in several months in 1953 
and 1954. These data, which form a charac- 
teristically exponential curve, indicate that, in 
the main, there occurred a gradually greater and 
more uniform mating activity in the day-night 
cycle of illumination, until optimal levels of 
sexual activity were attained in 1953. There was 
then no subsequent reversion to the low rates of 
insemination peculiar to the early period of the 
experiment. 

An analysis of variance of the data represented 
in figure 1 showed that, in these groups cohabiting 
in diel periodicity, there was a _ significantly 
greater difference, at the 1 percent level, between 
monthly means than within the replicates (F= 
32.8 for 75 and 228 d.f.). Further analysis, 
according to the ranking method of Duncan 
(1951), revealed that the mean rates could be 
arranged in discrete and significantly different 
groups, and that the abeyance in sexual activity 
noted in some midwinter months in 1949-50, 
1950-51, 1951-52 and 1952-53 were statistically 
significant at the 1 percent level. This analysis 
cannot be presented in detail in this report, but 
the major conclusions drawn from it were that 
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nine significantly different phases of mating 
activity occurred: (1) from November 1949 to 
January 1950, when sexual activity was at a 
conspicuously low ebb, with only about 18 per- 
cent insemination; (2) in the following February 
to September when it rose by four significant 
increments, until about 85 percent of the females 
became inseminated; (3) in December 1950 and 
January 1951, with a second abeyance in mating 
to about 40 percent insemination; (4) in February 
1951, when sexual activity increased again and 
maintained a level of about 75 percent insemina- 
tion until the following September; (5) in October 
and November of the same year, when only 25 
percent of the females became inseminated; (6) 


PERCENT FEMALES 
INSEMINATED _ 
oS588SS833ss 


PERCENT MALE 
SURVIVAL _ 
25888883888 
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MONTHS IN YEARS INDICATED 


Fic. 1.—The average monthly percent inseminated 
females of A. quadrimaculatus, cohabiting in diel period- 
icity, and the percent male survival in such experimental 
groups. 


in the following month, with the return of sexual 
activity to significantly higher levels of 52 percent 
insemination; (7) in April 1952, with another 
increment of mating activity, which was main- 
tained at about 80 percent insemination for the 
rest of the year; (8) in January 1953, with the 
reoccurrence of a brief, but significant, decrease 
in mating to 58 percent insemination; and (9) 
finally, during the remaining 35 months, when the 
incidence of successful mating was at its maxi- 
mum, or about 90 percent insemination, except for 
some abeyance in March 1953. 

To demonstrate the long-term trend of sexual 
activity in these experimental groups, the rates 
of insemination, except for those 2 months each 
in 1949 and 1956, were arranged according to 
mean annual percent, with the results shown in 
table 1. An analysis of variance showed that 
differences between years were significantly 
greater at the 1 percent level than the variance 
within years (F=14.7 for 5 and 66 df.). The 
minimal mating activity occurred in 1950, when 
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52 percent of the females became inseminated, 
while the maximal percent insemination was found 
in 1954, with 92 percent of the females mating. 
According to rank treatment analysis for mean 
separation, significant increments of mating 
activity occurred in 1950 to 1951, with 15 per- 
cent greater rate of insemination and in 1951 to 
1952 with an increase of 12 percent in insemina- 
tion. No such changes took place in the period 
1952-55. The mean percent insemination for 
the 3-year period of 1953-55 (89 percent) was 
significantly greater at the 1 percent level than 
the average for the previous 3-year period (64 
percent). 

In light of the significant difference in mating 
activity between that in the winter months of 
1949-50 to 1952-53 and that during each of the 
following summers, it was considered advisable to 
measure sexual activity at more frequent inter- 
vals during subsequent winters. Accordingly, 
two experimental groups were set up each week 
in diel periodicity from October to March in 
1953-54, 1954-55, and 1955-56. At no time was 
sexual diapause in evidence in these supple- 
mentary groups, nor did the rates of insemination 
differ in monthly averages from those observed 
in the regular experiments, which had been pre- 
pared at intervals as previously described. It is 
plausible to assume, therefore, that if mating 
activity decreased to any great extent in the 
winter months of 1953-54 up to the corresponding 
period of 1955-56, the decline was of such short 
duration as to have no effect on the final number 
in inseminated females after 10 days in 
cohabitation. 

One of the more obvious causes for an abeyance 
in insemination in a population consisting origin- 
ally of equal numbers of male and female mos- 
quitoes would be a relatively early and heavy 
mortality among the males during cohabitation. 
Female mortality rates would indicate, too, 
whether these mosquitoes were in a state of 
morbidity and thus perhaps less sexually active. 
Therefore, in order to discover a possible influence 
of survival rates on insemination, the numbers of 
male and female mosquitoes alive after 10 days 
in cohabitation were tabulated to include every 
experimental group which had been examined for 
mating activity from 1949 to 1956. 

Such records of the mortality rates of female 
mosquitoes cohabiting in the natural day-night 
cycle showed that very little variation occurred 
in the numbers of survivors in or between any 
months from 1949 to 1956. There was, there- 
fore, no indication that female mortality was a 
factor in the changes in mating activity which 
had occurred during the course of the experi- 
ments, and, in consequence, this data will not be 
further considered. 

A study of the mortality rates of the males, 
on the other hand, does indicate that during the 
7-year period progressive changes did occur in 
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their ability to survive. The mean monthly per- 
cent males remaining alive after 10 days cohabita- 
tion in the groups kept in diel periodicity were 
tabulated for each month from November 1949 
to February 1956 (figure 1) and an analysis of 
variance of these data indicate that differences 
between monthly survival rates were significantly 
greater than the variance within monthly samples 
(F=4.2 for 75 and 228 d.f.). Again, applying 
the rank treatment test, it was found that, at the 
1 percent level, four significant changes in 
monthly mortality rates occurred. The first was 
in April 1950, when 84 percent of the males 


Table 1.—The mean annual percent inseminated females 
in A. guadrimaculatus, cohabiting in the diel periodicity, 
and the mean annual percent males surviving 
in these groups. 


Percent 
Male 
Survival 


| 

Percent 
Inseminated 
Females 


Year 
1950 50 59 
1951 65 60 
1952 77 72 
1953 85* 85* 
1954 92 87 
1955 90 | 79 


*Percent insemination and survival in 1953-55 signifi- 
cantly (1 percent) higher than that in 1950-52. 


survived, considerably more than in the months 
immediately before or after this period. Secondly, 
in December of the same year only 31 percent 
of the males were alive after 10 days cohabitation, 
while in November 50 percent had survived, 
and in the following month there were 61 percent 
alive. The third significantly different monthly 
survival rate was in January 1952, when 91 per- 
cent of the males remained alive, which repre- 
sented 50 percent greater survival than in either 
the previous or succeeding month. The fourth 
such change in survival rate occurred in Novem- 
ber 1952, when only 44 percent of the males were 
alive, with 78 percent alive during the previous 
month and 65 percent alive in the succeeding one. 
In the period beginning with January 1953 there 
were no significant changes in male survival 
rates, which remained at about 85 percent. 

A comparison of these data with those of the 
rates of insemination in the same groups (figure 1) 
reveals that in April 1950 survival and insemina- 
tion increased significantiy, while in the following 
December both decreased significantly. How- 
ever, the percent inseminated females were not 
affected in January 1952, when survival increased 
markedly, nor in November 1952 when, on the 
contrary, survival decreased significantly. Cor- 
relation between the incidence of insemination 
in those 14 months in which significant changes 
in mating activity occurred and the male survival 
rates in those same months yielded a coefficient 
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of +0.50, which is below that required for 
significance at the 1 percent level. 

In order to illustrate the trend of survival rates, 
annual percentages of males alive in those groups 
cohabiting in the diel periodicity are presented in 
table 1. By rank treatment method, it was 
determined that, at the 1 percent level, two sig- 
nificant increments in survival rates occurred— 
in 1952 and in 1953, the former coincident with a 
significant increase in annual percent insemina- 
tion. The mean rate for the period 1953-55 
(82 percent) was significantly greater than the 
mean for the previous 3-year period (64 percent), 
or in the same relationship as the rates of insemin- 
ation. The correlation coefficient between the 
six mean annual rates of insemination and male 
survival was +0.94, which was significant at 
the 1 percent level. These results indicate that 
there was a parallel increase in both mating 
activity and male survival during the course of 
the experiment, but that this relationship could 
be statistically demonstrated through analysis of 
trends by years and not such lesser increments 
of time as months. 


Observations made on the parallel series of 
experimental groups maintained in a daily cycle 
of 12 hours continuous light (0.1 ft.-c.) and 12 
hours darkness yielded data which indicate 
changes in mating activity similar to those 
obtained in those groups kept in diel periodicity. 
The mean monthly rates of insemination from 
November 1949 to February 1956 are shown 
in figure 2. It is evident that mating activity was 
lower during the first 3 years of the experiment 
than in the last 3 years, and that the rates of 
insemination were uniformly lower in this series 
than in the groups mating in diel periodicity. 
It is also apparent that under these suboptimal 
mating conditions, there was considerable varia- 
tion between monthly average rates of insemina- 
tion, although the total variance in the groups 
cohabiting in artificial light was not significantly 
different from the total variance in the groups 
mating in diel periodicity. 

An analysis of variance indicated that even 
under these constant conditions of light, tem- 
perature, and humidity there was a greater dif- 
ference between monthly mean rates of insemina- 
tion than within replicates (F =4.8 at 75 and 228 
d.f.). Further investigation by Duncan’s rank 
treatment method revealed that certain changes, 
significant at the 1 percent level, occurred during 
the course of the experiment; namely, that: (1) 
Insemination rose from a low level of activity 
(about 20 percent) during the first 14 months to a 
significantly greater one of 50 percent in March 
1951; (2) Mating activity was maintained at that 
level until November 1951, when a marked 
abeyance in mating occurred, with only 5 percent 
insemination; and (3) Renewed sexual activity 
began in January 1952, increased progressively 
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up to and then continued at optimal levels 
(about 65 percent) almost without interruption. 
These results suggest that during the first several 
years of observations, particularly in some mid- 
winter months, sexual activity in guadrimaculatus 
was depressed because of certain factors other 
than the prevailing laboratory temperature, 
humidity, and illumination during cohabitation. 
It is likely that such abeyance of mating was not 
more definite during the midwinter of 1950-51 
because of the continually depressed state of 
sexual activity in these groups. But insemination 
in January 1951, which was 30 percent above 
that of the preceding month, did represent a 


PERCENT FEMALES 
INSEMINATED 
883883383 


PERCENT MALE 
SURVIVAL 


1950 1951 1952 1953 1954 
MONTHS IN YEARS INDICATED 


1955 


Fic. 2.—The average monthly percent inseminated 
females of A. quadrimaculatus, cohabiting in an artificial 
light-darkness cycle, and the percent male survival in 
such experimental groups. 
difference significant at the 5 percent level, 
according to the multiple range test. 

Upon grouping the data by years (table 2) and 
subjecting them to an analysis of variance, it was 
determined that, as with the mosquitoes cohabit- 
ing in diel periodicity, there were greater dif- 
ferences between years than within yearly means 
(F=11.5 at 5 and 66 df.). Again, by rank 
treatment analysis of mean differences, it was 
shown that two significant and successive in- 
creases in annual insemination rates occurred; 
in 1953, when 54 percent of the females copulated 
successfully, in comparison to 35 percent the 
year before, and again in 1954, with 65 percent 
insemination. The level of mating activity in 
1953-55 (62 percent insemination) was signifi- 
cantly higher than it had been in the period from 
1950 to 1952 when about 37 percent of the females 
became inseminated. In this respect, the results 
obtained with the groups cohabiting in both diel 
periodicity and artificial light-darkness were 
similar. The chief differences between the two 
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series were that in the former, successive incre- 
ments of mating activity, tending towards optimal 
levels, occurred in 1950, 1951, and 1952, while in 
the latter these appeared in 1952, 1953, and 1954. 

In order to determine whether decreased mating 
activity occurred at any periods of the month 
other than those studied in the regular series, 
observations were made on two supplementary 
groups each week in the months of October to 
March in 1952-53, 1953-54, 1954-55, and 1955- 
56. As in the case of those groups cohabiting in 
diel periodicity, the results were no different than 
those obtained in the regular series and thus it 
may be assumed that little, if any, sexual diapause 
occurred during these interim periods. 

Inspection of survival records taken from those 
mosquitoes which had completed 10 days in 
cohabitation in this illumination showed that in 
this series, too, there were no significant dif- 
ferences between monthly averages in numbers 
of females surviving. Thus, the female mortality 
could not have been a factor in producing any 
major changes in rates of insemination in the 
series cohabiting in alternate light and darkness 

On the other hand, there were significant 
changes in the rates of male survival during the 
76 months from November 1949 to February 
1956 (figure 2). An analysis of variance indi- 
cated that in these mosquitoes, just as with 
those cohabiting in diel periodicity, there were 
greater differences between months in average 
male survival than within the monthly replicates 
(F=3.7 for 75 and 228 d.f.), although in only 2 
successive months did a significant (1 percent) 
difference in male survival occur in March 
and April 1950, with an increase of 43 percent 
in the number of males alive. As may be noted 
in figure 2, this was coincident with an increase 
in insemination, but during those other months 
in which there was an abeyance of mating activity, 
there was no corresponding increase in male 
mortality. 

The trend of male survival during the course 
of these observations was analyzed by means of 
mean annual rates (table 2). Again, it was 
shown that mean differences between years were 
significantly greater at the 1 percent level than 
the variance within years (F=8.2 for 5 and 66 
d.f.) and that two significant increments in annual 
survival rates occurred—an increase of 12 percent 
in 1952 over that in 1950 and an increase of 12 
percent in 1953 over that in 1951. But, unlike 
the experimental groups cohabiting in diel 
periodicity, there were no 2 successive years in 
which the mean rates of male survival in artificial 
light were significantly different. It is note- 
worthy that in 1952 and in 1953 the mean annual 
male survival rates increased significantly in 
both series, and that in both the mean rate for 
the period 1953-55 (85 percent) was significantly 
higher than the mean for the previous 3-year 
period (72 percent). Although the mean survival 
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rates and variance were not significantly different 
in the two series of experiments, indicating that 
the differences in illumination had no discernible 
effect on mortality, the correlation coefficient 
between annual rates of insemination and male 
survival in the groups cohabiting in the artificial 
light-darkness cycle was too low for adequate 
statistical significance, probably because of the 
large standard error for rates of insemination in 
mosquitoes maintained in this suboptimal 
illumination. 


Table 2.—The mean annual percent inseminated females 
in A. quadrimaculatus, cohabiting in a daily cycle of 12 
hours artificial light and 12 hours darkness, and the 

mean annual percent males surviving in these groups. 





Percent 
Inseminated 
Females 


Percent 
Male 
Survival 


Year 


| 
1950 40 | 64 
1951 37 | 71 
1952 35 77 
1953 | 54* 86* 
1954 65 85 
1955 | 68 | 85 


*Percent insemination and survival in 1953-55 signifi- 
cantly (1 percent) higher than that in 1950-52. 


COMMENT 


The resuits of these studies have served to 
illustrate the possibility of adaptive or selective 
changes in laboratory colonies of anopheline 
mosquitoes after long periods of cultivation. 
There has been only scanty critical evidence of 
this in the literature. Boyd (1932) was the first 
to select out a race of A. guadrimaculatus which 
would breed in cages and thus paved the way 
for extensive use of this mosquito in laboratory 
investigations. Roubaud et al. (1933) state that 
stenogamy (or the ability to mate within small 
cages) is a dominant character in A. maculipennis, 
but were not able to obtain a homozygous strain. 

The evidence presented in this report would 
indicate that the character of this laboratory 
strain of A. quadrimaculatus was transformed 
during continuous breeding in at least several 
respects; namely, greater and more uniform 
sexual activity, disappearance of midwinter 
sexual diapause, and increased survival rate of 
the males. Compilation of the data for male 
mortality during cohabitation has yielded results 
which support the view that low male survival 
had been a factor in causing low rates of insemina- 
tion in experimental groups during the years 
1949 to 1952, particularly in some midwinter 
months during this period. Subsequently, the 
progressively greater survival of male mosquitoes 
could well have contributed to the gradual in- 
crease in insemination from year to year. But 
the fact that male survival could not always be 
correlated with rates of insemination for monthly 
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or even yearly periods, indicates that mere 
numbers of males alive at the end of the 10-day 
mating period could not have been a decisive 
factor in the sudden decline of sexual activity 
which occurred in some months, such as Novem- 
ber and December 1949 and November 1951, in 
controlled light, or in the significant difference in 
average annual rates of insemination in 1950 to 
1951 in diel periodicity. The lack of a higher 
degree of correlation may have been due, in 
part, to the fact that one male is capable of 
inseminating more than one female, and so 
obscuring the reduced sexual activity of the less 
vigorous males. Experimental data on the daily 
mortality rates of the male mosquitoes and the 
determination of the number of females insemin- 
ated by single males at critical periods throughout 
the year may have provided a closer insight to 
the relationship between male survival and 
mating activity. Nevertheless, any morbidity 
in the males would have led to genetic selection 
and consequent isolation of the more vigorous 
individuals in the stock colony or those mos- 
quitoes with maximal capacity for copulation and 
survival. 

A midwinter diminution in mating activity may 
have been a dominant innate characteristic of the 
quadrimaculatus population when introduced into 
this laboratory. This would agree with the 
observation of Hunt and Davey (1947), who 
found that reproduction in their laboratory 
colony of quadrimaculatus fell to a low level 
“during darker months of the year.’”’ On the 
other hand, since sexual diapause was observed 
in some midwinter months in those experimental 
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groups maintained only during their imaginal 
stage in a constant environment, it is also plau- 
sible to suggest that the stimulus for such dia- 
pause may have been evoked during the larval 
period and that, by selection, a population 
refractory to these stimuli was developed. This 
would be in harmony with other well-known 
features of hibernation of anophelines in nature, 
such as gonotrophic dissociation, cessation of 
oviposition, and increased life expectancy, which, 
according to consensus, are controlled by environ- 
mental conditions. 


ACKNOWLEDGMENT.—The author wishes to express his 
appreciation to Dr. L. A. Terzian for his helpful sugges- 
tions and for critically reviewing the manuscript. 


REFERENCES CITED 

Boyd, M. F. 1932. Successful cage rearing of Anopheles 
quadrimaculatus. Science 76: 370. 

Duncan, D. B. 1951. A significance test for differences 
between ranked treatments in an analysis of variance. 
Virginia Jour. Sci. 2: 171-89. 

Hunt, R., and P. Davey. 1947. Maintenance of Anopheles 
guadrimaculatus in the laboratory. Jour. Trop. 
Med. and Hyg. 50: 53-56. 

Roubaud, E., J. Colas-Belcour, and H. Gaschen. 1933. 
Etude du comportement sexual comme caractére 
génétique chez |’ Anopheles maculipennis. Bull. Soc. 
Pathol. Exot. 26: 27-29. 

Stahler, N., and L. A. Terzian. 1956. Some studies on 
the effect of light on the mating activity of Anopheles 
guadrimaculatus Say. Ann. Ent. Soc. America 49: 
429-35. 

Terzian, L. A., and N. Stahler. 1949. The effects of 
larval population density on some laboratory charac- 
teristics of Anopheles quadrimaculatus Say. Jour. 
Parasitol. 35: 487-95. 

1954. The effect of age and sex ratio on the mating 
activity of Anopheles quadrimaculatus Say. Jour. 
Exptl. Zool. 127: 389-96. 


AN INVESTIGATION OF THE MODE OF ACTION OF INGESTED ARSENIC 
TRIOXIDE IN PERIPLANETA AMERICANA (L.)'” 


ANDREW J. FORGASH 
Rutgers University, New Brunswick, N. J. 


ABSTRACT 


The mesenteron and alimentary canal of the female 
adult American cockroach are respectively 160% and 
100% heavier and contain 140% and 56% more GSH 
(reduced glutathione) than the corresponding organs of 
the male. In addition, the rate of absorption of arsenic 


One of the most prominent toxicological 
properties of arsenic is its ability to produce 
tissue disintegration. Many workers attach great 
significance to the histopathological changes which 
occur in the midgut of insects dying from arsenical 
poisoning, and since similar pathological condi- 
tions are absent in other tissues, it is maintained 
that the main site of toxic action is the epithelium 


from the male digestive tract is considerably greater than 
in the female. Efforts to protect against the toxic 
effects of an ingested dose of arsenic by GSH injections 
were unsuccessful. The greater tolerance of the female 
to arsenic is discussed in the light of these findings. 


of the mesenteron. One of the peculiarities of 
arsenicals as a group is that not all arsenic com- 
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pounds cause the same damage in different insects 
or even in the same insect. Several of the 
numerous illustrations of this will serve to em- 
phasize the point. 

Prodenia larvae, examined 3 hours after oral 
poisoning with lead arsenate, exhibited disintegra- 
tion of the epithelial cells of the midgut in which 
the striated border and cell walls disappeared, 
accompanied by vacuolization of the cytoplasm 
and disruption of the nuclear chromatin (Woke, 
1940). Although these effects were very pro- 
nounced with lead arsenate, calcium arsenate, and 
arsenious oxide, only slight tissue damage, oddly 
enough, resulted after ingestion of Paris green. 
Similar histopathology was found in Anglais 
articae and Locusta migratoria following oral ad- 
ministration of Paris green and arsenites of sodium 
and calcium (Pilat, 1935). Whereas Paris green 
and calcium arsenate produced similar tissue dam- 
age in the mesenteron of Porthetria dispar and 
Pieris brassicae, sodium arsenate had no visible 
effect (Pilat, 1935). In honey bees dying from 
treatment with acid lead arsenate, there were no 
macroscopic changes in the midgut, although 
various microscopical changes such as vacuoliza- 
tion, defoliation, and degeneration of the epithelial 
walls of the mesenteron were evident. From this 
study it was concluded that death was the result 
of acute starvation (Salkeld, 1951). 

There is another theory concerning the mode 
of action of arsenic which recognizes the occur- 
rence of mesenteral damage but maintains that 
the fraction of arsenic which is absorbed from the 
digestive tract and transported to other tissues is 
the portion of the dose which exerts the lethal 
action. 

It has been shown that arsenic is absorbed from 
the midgut and transported via the bloodstream 
to other tissues of the body where it is free to 
exert toxic action which may or may not be 
paramount in causing the death of the insect. 
Norton and Hansberry (1941) investigated the 
action of arsenic in the silkworm and found 
that the arsenic absorbed from sodium arsenate 
is transferred more completely from the mesenteron 
to other tissues in those insects which died than 
in those which survived treatment. In the case 
of insects which died from sodium arsenate 
poisoning the amount of arsenic in the gut was 
approximately equal to that found in the gut of 
insects which survived treatment, whereas the 
amount in the blood and tissues was almost 300% 
as great in the dead individuals as in the survivors. 
Fay (1942) administered oral doses of arsenic to 
American roaches and found that 11%, or 0.0105 
mg., had been absorbed from the gut in the case 
of the dead individuals, which is in excess of the 
lethal amount by injection. 

Obviously there is much to be said for the two 
theories, both of which are supported by numerous 
findings in addition to those cited above. Pos- 
sibly the toxic action of an ingested dose of arsenic 
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is the sum of the effects on the mesenteral tissues 
and the effects on tissues outside the alimentary 
canal. However, one or the other mechanism 
must be the predominent factor, although the two 
may be occurring simultaneously. 

This study is a further exploration of both 
theories in an attempt to obtain additional infor- 
mation which may prove of value in advancing 
our present knowledge concerning the mode of 
action of arsenicals. 


MATERIALS AND METHODS 


Feeding of Arsenic Solutions.—Male and female 
adult American roaches were fed 105 yg. of 
arsenic trioxide (dissolved in NaHCO; solution) 
containing radioactive As by means of a 
micro-injection apparatus designed to deliver 
1.00 = 0.02 ul. The solution was colored with red 
vegetable dye to facilitate the detection of 
regurgitation. During the feeding process the 
insects were held stationary by grasping the 
antennae with one hand and the body with the 
other. To induce rapid intake of the solution 
it was necessary to deprive the insects of water 
for 2 to 3 days and to flavor the solution with a 
small amount of sugar. Male roaches accepted 
the solution more rapidly and regurgitated less 
often than the females. Since regurgitation, when 
occurring, often took place within the first minute 
following feeding, the insects were held for that 
time before deposition in containers. To detect 
regurgitation at a later stage the roaches were 
confined singly in envelopes constructed from 
filter paper, and at the end of the holding period 
those which showed signs of regurgitation were 
discarded. At definite periods following feeding 
the insects were dissected and the alimentary 
canals were removed in the order of treatment so 
that the arsenic was permitted to act approxi- 
mately the same length of time in each insect. 
The alimentary canal was closed off with loops of 
thread prior to severance at the anterior and 
posterior ends to prevent contamination of 
tissues from spilled contents. The tissues of 
5 to 10 insects of each sex were digested with 
small amounts of nitric and sulfuric acids, and 
aliquots of the digested tissues were placed in 
small pyrex dishes (1 in. diameter by 5/16 in.) 
and counted with a thin-window Geiger-Mueller 
tube in a shielded chamber. Counts were made 
at infinite thickness using equal volumes of digest. 
The arsenic content of the tissues was calculated 
from the activity of the samples (digest of treated 
roaches with alimentary canal removed) using 
equal volumes of standards comprised of acid 
digests of untreated roaches and known amounts 
of radioactive arsenic. 

Injection of Reduced Glutathione (GSH) into 
Arsenic-Fed Roaches.—The arsenic was fed in the 
manner described above. Since it was necessary 
to deprive the insects of water for 2 to 3 days to 
induce acception of the arsenic solution, water 
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was included in the holding jars during the 
observation period to avoid possible effects from 
dehydration. At varying time intervals the 
treated insects were injected in the metathoracic 
region with measured quantities of GSH. An 
equal number of insects which received arsenic 
but not GSH was used for comparison, and these 
were injected with an equal volume of distilled 
water. Two types of controls were employed: 
insects which received no treatment and insects 
which received no arsenic but were injected with 
GSH. Male roaches were used in all tests. 


RESULTS 


Size of Alimentary Canal of Male and Female 
Roaches.—Heal (1942) showed that the female 
American roach can tolerate a larger oral dose of 
arsenic than can the male. If the toxic action of 
arsenic occurs outside of the alimentary canal, 
the ultimate effective dosage in the female must be 
less than in the male. In other words the ratio 
of arsenic to essential body constituents must be 
lower, or the detoxifying mechanisms of the 
alimentary canal must be of a greater magnitude 
in the female. 

Since the toxic agent enters the insect by way 
of the digestive tract, several studies were made 
of the alimentary canals of both sexes in a quest 
for differences which might explain the tolerance 
of the female. To determine the sizes of the 
digestive tracts, male and female roaches, which 
had been deprived of food and water for a period 
of 24 hours, were dissected and the alimentary 
canals removed and weighed. The tests were 


Table 2. 
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conducted in triplicate on different days, using 
15 to 30 insects per sample. Each days test was 
conducted in triplicate also. 

The mesenteron and alimentary canal of the 
male adult American roach weigh 17 + 2 mg. and 
57 + 3 mg., respectively, whereas the correspond- 
ing organs of the female weigh 44 + 2 mg. and 
113 = 5mg. Thus the female, which weighs but 
30% to 40% more than the male, has a midgut 


160% larger than that of the male. 
Table 1.—The absorption of radioactive arsenic from the 
alimentary canal of adult male and 

female American roaches. 


Amount of As*3 
Absorbed From 


Time Interval 


No. of ; : 
Between Feeding 


Sex 
Insects 


| and Dissection* | Alimentary Canal 


hours ug./insect Q 
Male 5 20 12.8 16 
Female 5 20 8.0 10 
Male 9 21 16.8 21 
Female 10 21 12.0 15 


“Each insect was fed 80 ug. of As*’. 


GSH Content of the Alimentary Canal.—Reduced 
glutathione (GSH) is known to protect against 
arsenic, the theory being that three moles of 
GSH combine with one mole of arsenic and pro- 
tects those enzymes and other vital substances 
which are inhibited by arsenicals (Voegtlin et al., 
1923). Quantitative studies were made of the 
GSH content of the male and female digestive 
tracts. The procedure and methods of analysis 
have been described (Forgash, 1957). Three 


The effect of injected GSH on the toxicity of ingested arsenic 


Amt. of 
As.03 
Fed 


ug. 
134 
134 
107 
107 
121 
121 
101 
101 
81 
81 
94 
94 
67 
67 
S4 
S4 
None 
None 
None 


trioxide in adult male American roaches. 


Amt. of GSH 
Injected 


ug. 
None 
1500 
None 
750 
None 
750 
None 
1000 
None 
750 
None 
1000 
None 
750 
None 
750 
1500 
750 
1000 


‘10 to 25 insects per tre 


Interval Between 
Feeding As.0; and 
Injection of GSH 


15 min. before 

1 hr. after 

1 hr. after 

3 and 5 hrs. after 
814 hrs. atter 

17 hrs. after 

29 hrs. after 


29 hrs. after 


-atment 


24 hr. 
a 
c 
10 
0 
0 
0 
10 
10 
5 
35 
10 
10 
4] 
71 
10 
0 
0 
0 
0 
0 
0 


Mortality" 


48 hr. 


% 
60 
60 
10 
70 
10 
70 
100 
80 
80 
100 
100 
88 
70 
50 
8O 
60 
0 
0 
0 


72 hr 


i 

c 
100 
100 
70 
80 
90 
80 
100 
90 
100 
100 
100 
88 
90 
90 
90 
90 
0 
0 
0 
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ee 


tests were made on the mesenteron on different 
days (four on the alimentary canal) using 20 to 
30 insects per sample. Duplicate determinations 
were included in each day’s tests. The glu- 
tathione content in micrograms per organ was: 
female mesenteron 38 + 5, female alimentary 
canal 86 + 9, male mesenteron 16 + 3, and male 
alimentary canal 55 = 5. This shows that the 
GSH contents of the mesenteron and alimentary 
canal of the female roach are respectively 138% 
and 56% greater than in the male. 

Absorption of Arsenic from the Alimentary 
Canal.—Since the mesenteron of the female roach 
is considerably larger than that of the male and 
contains a greater quantity of GSH, possibly a 
smaller percentage of a given oral dose of arsenic 
is absorbed from the digestive tract of the female. 
To investigate this possibility equal quantities of 
radioactive As.O; were fed to a number of indi- 
viduals of each sex and the amount absorbed 
from the alimentary canal was determined 
(table 1). 

At 20 to 21 hours after feeding, from 42% to 
62% more arsenic was absorbed from the ali- 
mentary canal in the male roach than in the 
female roach. 

The Effect of Injected GSH on the Toxicity of 
Ingested As,O3.—It has been shown that the 
American roach can be protected against toxic 
effects of an injected dose of arsenic if GSH is 
injected either prior to or following treatment 
with arsenic, although a greater degree of pro- 
tection is afforded when the former procedure 
is followed (Forgash 1951). If the toxicity of 
an oral dose of arsenic depends on the amount 
absorbed from the digestive tract, it seems 
reasonable that some protection should be ob- 
tained from the injection of GSH, provided that 
the proper time factor is employed and the 
introduced GSH has no effect other than com- 
bating the arsenic. 

Male adult roaches were fed varying amounts 
of As,O; and injected with GSH at different 
intervals thereafter. Mortality readings taken 
at 24, 48, and 72 hours after treatment (table 2) 
show that under the conditions employed, 
GSH injections do not protect against the toxic 
effects of oral doses of arsenic. 


DISCUSSION 

The alimentary tract of the American roach is 
lined with cuticle with the exception of the mid- 
gut or mesenteron. It is from this region of the 
digestive tract that the bulk of absorption of food 
materials by the blood occurs, and the absorption 
of an ingested toxic material should take place in 
an identical manner. Generally speaking, a 
stomach poison may function in one of three 
ways: it may attack the tissues of the digestive 
tract to such an extent that the insect dies; it may 
be absorbed by the bloodstream from the ali- 
mentary canal without causing irreparable damage 


Annals of the Entomological Society of America 


[Vol. 52 


to the digestive organs, and then be transported 
to other tissues where it exerts lethal action; or 
it may cause death by a combination of these 
two actions. If the toxic action occurs within 
the alimentary canal, death cannot be solely the 
consequence of disrupted digestive processes; the 
roach will endure rather long periods of starvation, 
whereas stomach poisons act relatively rapidly. 
Death in such a case would result probably from 
the uncontrolled liberation into the body cavity 
of toxic materials to which the intact tissues of 
the mesenteron normally would present a barrier. 
The fact that the mesenteron of the female roach 
is approximately 160% larger than that of the 
male furnishes a basis for an explanation of the 
superior tolerance of the female of the species 
regardless of the ultimate site of toxic action. 
First of all it means that the ingested arsenic will 
be diluted much more in the female than in the 
male as a result of admixture with the mesenteral 
contents. Consequently, absorption of the toxic 
material by the epithelium of the mesenteron will 
be less rapid. Secondly, in the female there is 
more opportunity for reaction of the arsenic with 
the food present in the midgut. Thirdly, the 
ratio of mesenteral tissue to toxicant is con- 
siderably higher in the female than in the male, 
and consequently the percentage tissue damage 
from a given quantity of arsenic should be 
substantially less. And finally, the ratio of 
mesenteral GSH to arsenic is considerably greater 
in the female roach. 

The theory that a greater percentage of 
arsenic is absorbed from the digestive tract of 
the female is supported by the findings that at 
20 to 21 hours after ingestion 42% to 62% more 
arsenic was detected in the tissues outside the 
alimentary canal in the male than in the female 
roach. It should be mentioned that these tests 
contained two disturbing features: one being 
the large difference in the amounts of arsenic 
absorbed in the two experiments; the other is 
that at 6 hours after feeding no arsenic could 
be detected in the tissues outside of the ali- 
mentary canal. In this case counts on the 
digestive tract showed recoveries of 102% and 
103% from males and females, respectively, at 
the 6-hour period. This is difficult to explain 
since Fay (1942) was able to detect arsenic in the 
thorax and abdomen at 31% hours after feeding. 
However, the consistently higher counts in sam- 
ples of male tissues show that arsenic is absorbed 
more readily than from the digestive tract of the 
female. This, coupled with the fact that in the 
female there is considerably more fat body GSH 
to react with arsenic (Forgash 1957), may explain 
the lower susceptibility of the female roach to 
arsenicals. 

It has been shown (Forgash 1951) that GSH, 
when injected into the roach 15 minutes prior to 
injection of As:Oz, will reduce the toxicity of the 
arsenic, the average protection ratio, within 
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certain limits, being approximately 18 moles of 
GSH for each mole of arsenic. Since the com- 
bining ratio is thought to be 3 to 1, the additional 
GSH is probably lost in other reactions. , If the 
site or sites of toxic action reside outside the 
alimentary canal, they should be the same as 
those involved when the arsenic is administered 
by means of injection into the bloodstream, and 
consequently it would seem possible to reduce the 
toxicity of the arsenic by means of GSH injections. 
However, attempts to accomplish this were unsuc- 
cessful; for the administration of GSH immedi- 
ately, 1, 3 and 5, 8%, 17, and 29 hours after 
feeding of arsenic failed to reduce the toxicity. 
Undoubtedly there was GSH present in the blood- 
stream during a portion of the period of active 
absorption of arsenic from the mesenteron. How- 
ever, the possibility remains that the effectiveness 
of a single dose of GSH is of inadequate duration 
and that the release of arsenic from the mesenteron 
is too gradual for the GSH to act effectively. 
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BOOK NOTICES 


THE INVERTEBRATA: A MANUAL FOR THE USE 
OF STUDENTS, by the late L. A. BorrapbalLe and 
F. A. Ports, with chapters by L. E. S. EastHaM and 
j). T. SauNpers. Third edition revised by G. A. 
Kerkut. 1958. London and New York: Cam- 
bridge University Press, 812 pages, §23 figures. 

The present edition of this old and respected text book 
represents a distinct improvement over the earlier 
editions. The change from using abbreviations in the 
figures to inclusion of the whole names of the structures 
is in itself justification for publication of the third edi- 
tion. The many illustrations are now much more 
quickly understood. 

The coverage of the various groups has been and re- 
mains thorough. The authors have employed a defen- 
sible system of classification for general use. Good 
organization is evident. The general treatment is clear 
and readily followed. Each major phylum is treated 
under such topics as diagnosis, classification, general 
anatomy (with inclusion of pertinent material on phys- 
iology), and life history. More specialized attention is 
then given to the smaller categories under each phylum. 

Treatment of the insects is adequate for a general 
work of this sort. Approximately one-seventh of the 
textual portion, with 67 figures, is given to them. Struc- 
ture, physiology, development, and paleontology of 
insects in general are summarized in 44 pages, and 64 
pages are devoted to the individual orders of insects. 
Except that no extinct orders are included and two 
group names are changed, the classification adopted is 
precisely that of Jeannel (1949, in P. P. Grassé, Traité 
de Zoologie 9:9-17), which in turn was based very 
largely on that proposed by Martynov 11 years earlier. 


The subclass Pterygota is divided into four sections, 
with 13 Recent superorders and 28 Recent orders; the 
Apterygota include two superorders and four orders. 
Those familiar with the Martynov-Jeannel system need 
not be told that the makeup of several of their super- 
orders is widely at variance with earlier phylogenetic 
concepts. 

This is not a text for the elementary student of inver- 
tebrate zoology. Even for the advanced student, a 
judicious selection of material for which he may be 
held strictly accountable is doubtless advisable. The 
amount of factual information included is commendable 
when the book is viewed as a reference, and formidable 
when it is looked at as a text. 

In summary, this is a thorough treatment of the 
invertebrates. Its good organization and its complete- 
ness place it both in the category of a detailed text and 
in that ot a useful reference for persons interested in 
invertebrate animals. 

E. Lowe Pierce and Rovanp F. Hussey, 
Department of Biology, 
University of Florida 
LES ANOPHELES DU GLOBE. REVISION GENE- 
RALE, by G. SeENevet. Encyclopédie Ento- 
mologique, Série A, XXXVI, 224 pp. 1958. 

This is essentially a catalog with the genera and sub- 
genera keyed and diagnosed. Although the title men- 
tions only the genus Anopheles, the entire subfamily 
Anophelinae is covered in the paper. For each species 
the reference to the original description, distribution of 
the species, important other references with stages 
described and keys in which the species appears are 
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given. Synonyms are listed and particular note is made 
of numerous misidentifications in the literature. A 
special section lists available keys arranged by geo- 
graphical area. It is unfortunate that more than 25 
names in the subfamily have not been included and 
that there are some serious misspellings, such as 
kainanensis for hainanensis, villardi for willardi, and 
Shannoniezia for Shannonesia. Also a number of the 
names are out of place in the index. It is, however, a 
very valuable guide to the literature dealing with this 
very important group of insects. 

ALLAN STONE, 

Entomology Research Division, 

U. S. Department of Agriculture 


THE ODONATA OF CANADA AND ALASKA. VOL- 
UME II. THE ANISOPTERA—FOUR FAMI- 
LIES. By EpmMuNpD M. WALKER. xiv+318 pp., 64 
pls. University of Toronto Press; Oxford Uni- 
versity Press, 1958. $13.00. 

The publication of the second volume on the Odonata 
of Canada and Alaska by Dr. Walker is greeted enthu- 
siastically as a carefully written, detailed, and authorita- 
tive classic. The author, formerly on the staff of the 
University of Toronto, and since 1948, Honorary Curator 
of Entomology in the Royal Ontario Museum, has been 
a devoted student of the Odonata for over 50 vears. 
His researches and experiences have resulted in one of 
the finest Odonatological works available, and should 
be a valuable addition to the libraries of Odonatists and 
anyone desiring a greater knowledge of the taxonomy 
and bionomics of these insects from these areas. 

Volume I (1953) is devoted to the Zygoptera, Volume 
II to that portion of the Anisoptera including the super- 
families Aeshnoidea, containing the families Aeshnidae, 
Petaluridae and Gomphidae, and the Cordulegastroidea, 
containing the Cordulegastridae. Fifteen genera, five 
subgenera, 64 species, and nine subspecies (one new) are 
treated. The third superfamily, Libelluloidea, includ- 
ing the Macromiidae, Corduliidae, and the Libellulidae 
is to be discussed in Volume III. The order of treatment 
of the families agrees with the line of the origin and 
descent of the families of the Odonata as given in the 
chart by Fraser (1957) in ‘‘A Reclassification of the 
Order Odonata’’ (Royal Zool. Soc. N. S. Wales) with 
the exception of the Macromiidae, which Fraser did not 
recognize as a separate family. 

The first 11 pages deal with the general characteristics 
of the adults and nymphs (term used by the author) of 
the Anisoptera. Then follow keys to the adults and 
nymphs of the seven families found in North America, 
with the Macromiidae and Corduliidae also being con- 
sidered families. For each family, there are general 
descriptions of the adults (including color pattern), and 
nymphs, bionomics, keys to the genera and species of 
both adults and nymphs. There is a general charac- 
terization of each genus. The treatment of each species 
contains detailed descriptions of male, female, and 
nymph, measurements, variations, habitat and range, 
and a discussion of the biologies from the literature and 
personal observations by the author in the form of field 
notes, describing flight, habits, mating, oviposition, time 
of occurrence, and other data concerning various species. 
It is evident that Dr. Walker has had field experience 
with at least 50 of the species. Dr. F. A. Urquhart 
has aptly stated in the Foreword, ‘‘Dr. Walker has 
studied the living insects and, in so doing, he has added 
much to the knowledge of the species concerned as well 
as giving a feeling of the out-of-doors to his book."’ 

Distribution records include not only Canada and 

Alaska, but also the United States and scattered locali- 

ties from various parts of the world. It is interesting to 

note that all of the species treated are found in both 

Canada and the United States, with the exception of one 

subspecies (new) which occurs in Canada alone. The 

reader may refer to Needham and Westfall’s (1955) ‘‘A 

Manual of the Dragonflies of North America’ (Cali- 
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fornia) for information on other species found in the 
United States, but not in Canada. 

The plates, all but five of which are exclusively Dr. 
Walker's own work, are particularly outstanding because 
of their careful detail, the subject-matter covered, the 
abundance of figures on them (over 500), and Dr. Walker's 
remarkable ability as an artist. They include various 
characters of the adults and nymphs of certain species, 
genera and families. In addition, there are two plates 
of photographs of adults by William Carrick, who also 
assisted with three of the plates of drawings. 

Dr. Walker’s taxonomic data are of especial value. 
The author’s name is enclosed in parentheses where 
necessary. Synonymies are given for each genus and 
species, with the genotype also given. The bibliography 
covers more than four pages. 

It is hoped that Volume III, the final volume of the 
series, will soon be forthcoming. 

Sopuy PAarFIN, 
Smithsonian Institution, 
U. S. National Museum 


THE PRINCIPLES OF BIOLOGICAL CONTROL, by 
H. L. SWEETMAN. Wm. C. Brown Company, Pub- 
lishers, Dubuque, Iowa. Lithoprinted, 8.5” x 11”, 
xii+560 pages, 382 figures. 1958. Price, $8.75. 

Ever since the appearance of modern insecticides (1945) 
biological control workers and teachers have been wish- 
ing for a good up-to-date reference book on biological 
control. 

Sweetman, in 1936, presented entomology with a 
general text on ‘‘The Biological Control of Insect Pests.”’ 
Since that date many and valuable contributions on this 
subject have appeared throughout the world. Today 
Sweetman again gives us an excellent, up-to-date, pre- 
sentation of most of the significant advances that have 
been made in this field. 

The subject matter covered and its arrangement in the 
new book is more or less the same as that found in the 
1936 presentation. The author has successfully inter- 
woven all of the new information with the more important 
facts presented previously. In the new book the author 
has been careful to cite all references used in his compila- 
tion. This was an unfortunate oversight in the first 
edition. 

The following comparison will give one an idea of the 
volume of material included. The 1936 book contained 
461 pages averaging 450 + words per page while the 1958 
edition possesses 560 pages with two columns on each 
page averaging 700 + words per page. Also the new 
edition contains 328 figures compared with 142 in the 
1936 volume. 

No attempt will be made to cite all of the new and 
extensive worthwhile information presented. The fol- 
lowing comments are impressions created from reading 
the entire contents. The sections on pathogenic micro- 
organisms, especially those dealing with bacteria and 
viruses, are good. The information on the control of 
specific insects and vertebrates, particularly rabbits, by 
microorganisms is most illuminating. Up-to-date infor- 
mation on mollusks as biological control agents is in- 
cluded, also new data on pathogenic nematodes and 
protozoa. The important section on parasitic inverte- 
brates is very extensive and more thoroughly presented 
than in the first volume. This is also true of the chapter 
on predatory arthropods. 

The chapters on biological relations of beneficial 
insects to their hosts and prey and the handling of bune- 
ficial insects contain information very essential for 
any investigator or student of biological control. 

One outstanding chapter in the book presents the 
evaluation and results of biological control against 
animals. It is divided into sections on the environment 
and populations, regional distribution of biological con- 
trol, the element of time in biological control and a list 
of pest species over the world that have been controlled 
by the introduction or distribution of natural enemies. 
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The last chapter presents the fascinating and ecological 
facts associated with biological control of pest plants. 
In this section one finds a thorough presentation of the 
facts associated with the most extensive and successful 
control operation ever undertaken by man. 

The reviewer regrets that the author did not include 
a chapter on the influence of modern toxic insecticides 
on biological control agents. This is a subject that 
needs more study, yet today much positive information 
exists which insecticide and biological control investi- 
gators, students and teachers should know about. A 
review of this subject would have increased the value 
of this book for many. 

The reviewer has spent considerable time on biological 
control investigations and has taught a graduate course 
on this subject, consequently he appreciates the distinct 
contribution Sweetman has made. He is certain that 
this new volume on principles of biological control will 
stimulate interest in this field and promote more investi- 
gations. Congratulations to the author. 

Alvah Peterson, 
State Plant Board of Florida 


LES CULICIDES DU ‘MIDI’? MEDITERRANEAN. 
ETUDE SYSTEMATIQUE ET ECOLOGIQUE, 
by Jean A. Rioux. Encyclopédie Entomologique. 
Série A, XX XV, 303 pp., 156 figs. 1958. 

This treats in detail the mosquitoes of that portion of 
southern France included in the Mediterranean Sub- 
Region of the Palaearctic Region. The paper is both a 
systematic and an ecological treatment of the mosquito 
fauna, and great emphasis is placed upon the latter. 
Chapters 2, 3, 4, and 7 deal with ecological and biogeo- 
graphical matters and in the systematic portion of 200 
pages, each species has much more biological information. 
There is a fine chapter on mosquito morphology. The 
systematic portion contains keys, descriptions, and many 
original figures. Thirty-three species are treated. The 
Anopheles maculipennis complex and Culex pipiens are 
treated very fully with particular attention paid to 
genetics, chromosome studies, statistical analyses of 
populations, and other modern methods of systematics. 
It should be noted, however, that melanoon has preced- 
ence over subalpinus and labranchiae over atroparvus and 
not the reverse, as given on p. 102. This is one of the 
most original and valuable publications on mosquitoes 
that has appeared in recent years and anyone interested 
in mosquito taxonomy or biology would profit by 
studying it. 

ALAN STONE, 
Entomology Research Division, 
U. S. Department of Agriculture 


HETEROPTERA: LYGAEIDAE. INSECTS OF MI- 
CRONESIA, by Harry G. Barsper. Vol. 7, No. 4, 
pp. 173-218. Illus. Bernice P. Bishop Museum, 
Honolulu, Hawaii. Price: $1.50. 

This, the fourth number of the Heteroptera volume of 
Insects of Micronesia, treats 42 species and one subspecies 
of Lygaeidae. This family, second largest of the true 
bugs, is as Mr. Barber comments poorly represented in 
the area. In the first number of the volume, which 
covers the largest family of Heteroptera, the Miridae, 
Carvalho deals with 87 species. In the second number, 
Drake covers 11 species of Tingidae, which is a moderate- 
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sized family; while in the third, Matsuda and Usinger 
treat 40 species of Aradidae, another moderate-sized 
family. That the number of species of Aradidae should 
so nearly equal that of the Lygaeidae is quite surprising. 

Also surprising is the paucity of endemic lygaeids in 
Micronesia. The high degree of endemicity of lygaeids 
in the Pacific is well known. For example, there are 84 
species and subspecies of Orsillini in the Hawaiian 
Islands, and there are many endemic species of Germalus 
throughout the area with seven species in the Marquesas 
Islands alone. In the Jnsects of Samoa (Part II, fasc. 3), 
China covers 18 lygaeids, of which 10 are endemic to 
Samoa and Fiji. Data from other numbers of the 
Heteroptera volume show that of the miridae, 79% are 
confined to Micronesia; of the Tingidae, 54%; and of the 
Aradidae, 92%. But only one-third of the species 
treated by Mr. Barber are confined to Micronesia. 

The poor representation of species and the low endem- 
icity of lygaeids in Micronesia would seem to indicate 
that there were more species in the area than were col- 
lected. Mr. Barber points out that most of the speci- 
mens were taken by sweeping or by collecting at light, 
and that a Berlese funnel was used to some extent 
Lygaeidae require special collecting techniques, since 
the most unusual species are found on the ground under 
litter, herbs, and grasses, where, it is becoming increas- 
ingly apparent, many feed on fallen dry seeds. It would 
be surprising if further collecting of a more specialized 
nature did not turn up another 10 to 20 species from 
the area. 

Among the species that were collected was the eco- 
nomically important Rutherglen bug, Nysius vinitor 
Bergroth. It had been my impression that this species 
was confined to Australia, but Mr. Barber records it from 
the Phillippine Islands and the western Carolina Islands 
—Palau and Yap—as well. 

Since Mr. Barber’s work was sent to press some papers 
have appeared which result in some changes. In the 
first of these (1957, Bull. Brooklyn Ent. Soc., 52: 35), 
Slater has shown that the subfamily name Rhyparo- 
chrominae must be replaced by the name Megalonotinae 
In the same paper he points out that Rhyparochromus 
should be used in place of Aphanus. For an alternate 
classification of the Megalonotinae, one should refer to 
G. G. E. Scudder’s paper (1957, Ent. Mon. Mag. (4), 
No. 211: 153-6). Scudder has also revised the Ninini 
(1957, Publ. Culturais da Companhia de Diamantes da 
Angola, 34: 91-102), and here he synonomizes Cymoninus 
philippinus Bergroth (with C. unicolor Breddin and C. 
subsessilis Kirkaldy) under C. sechellensis (Bergroth). 
This synonomy extends the species range given by Mr. 
Barber east to the New Hebrides in the Pacific and west 
to Ceylon, the Seychelles, and Reunion Island in the 
Indian Ocean. 

Of the 42 species and one subspecies in 19 genera treated 
in the paper, 11 species, the subspecies, two genera, and 
one tribe are newly described. Eighteen of the species, 
including all of the new ones, are beautifully illustrated 
by R. I. Sailer. Nearly every species is keyed, and the 
many redescriptions will permit easy identification of 
any of the species covered. Both Mr. Barber and the 
Bishop Museum should be complimented on an excellent 
piece of work. 

PETER D. ASHLOCK, 
Entomology Research Division, 
U.S. Department of Agriculture 
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A Cyanamid Report: 


What’s new with Malathion? 


New intervals for Malathion— Malathion continues to be the ideal 
material for late season insect control. Reduced intervals between last 
application and harvest were received on these crops in 1958: 
Tomatoes — from 3 days to 1 day with malathion 57% Emulsifi- 
able Liquid, malathion 25% Wettable Powder and 
malathion 4% to 5% dusts. 
Pears — from 3 days to 1 day with malathion 57% Emulsifi- 
able Liquid. 
Cucumbers 
Squash -— from 3 days to 1 day with malathion 57% Emulsi- 
Melons f fiable Liquid, malathion 25% Wettable Powder and 
4% to 5% dusts. 
Brambleberry Family — from 7 days to? day with malathion 57% 
Emulsifiable Liquid, malathion 25% Wettable Pow- 
der and 4% to 5% dusts. 


Extended interval: — The label for leaf lettuce has been extended from 
10 days to 14 days. The label for head lettuce remains the same: 7 days. 


New crop uses for Malathion — Label acceptance of malathion for 
insect control on figs and okra extends its already long crop use list to 95. 
Okra — For the control of aphids. Use recommended rates of 
malathion Emulsifiable Liquid, Wettable Powder or dusts 
up to time pods start to form. 
Figs — For control of dried fruit beetles and vinegar flies. Use 
Emulsifiable Liquid or dusts at recommended rates. Apply 
when necessary up to 3 days from harvest. 


New animal claims — In addition to label acceptance for direct appli- 
cation on cattle, hogs, poultry, cats and dogs, malathion has received 
these labels for direct application on sheep, goats and swine: 

For the control of lice, ticks and keds on sheep and goats. Apply 16 lbs. 
of malathion 25% Wettable Powder per 100 gallons of water. Spray 
animals thoroughly. Repeat application after 2 or 3 weeks if needed. 
Do not apply to milk goats. Do not treat animals under one month o: 
age. When applying sprays, avoid contamination of feed, food contain- 
ers and watering troughs. 

For the control of lice on swine, use malathion 4% or 5% dust making 
a thorough application to the animals. In addition, pens should also be 
thoroughly dusted. Repeat application in 10 days, and thereafter as 
needed. Avoid contamination of feed, food containers and watering 
troughs. 


Developer and producers of 
malathion and parathion. 


American Cyanamid Company, 
Agricultural Division, Dept. HE, MALATHION 
New York 20, N. Y. INSECTICIDES 
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